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PREFACE 


This Advanced Class FCC Test Manual is part of a series of books 
published by the Ameco Publishing Corp. for the purpose of 
preparing individuals for the Federal Communication Commission's 
Amateur Radio Operator's examinations. 


The questions and multiple choice answers in this manual have been 
issued by the Volunteer Exam Coordinators Committee under the 
supervision of the FCC. The questions are divided into subelements. 
A specific number of questions (shown under each subelement 
heading) will be chosen from each subelement for use on the 
examination. The questions and multiple choice answers on the actual 
examination will be exactly the same as those given in this manual. 
The discussions that follow the multiple choice answers were written 
by the author to give the reader sufficient background material to 
understand the reasons for choosing the proper multiple choice 
answer. 


In those instances where this author feels that the correct multiple 
choice answer is complete and adequate for the proper understanding 
of the subject matter, there is no discussion; only the correct answer 
is indicated. In most of the questions, the discussions explain the 
correct multiple choice answers and give additional useful material 
that helps with the understanding of the questions and answers. 


There are a few questions and/or multiple choice answers that are 
somewhat ambiguous. Since this author is not responsible for the 
questions or the multiple choice answers, they cannot be changed. 
However, in these few instances, the designated answer is given, 
together with a thorough explanation of the subject matter involved. 


The FCC/VEC examination for the Advanced Class license consists of 
50 questions. 37 questions must be answered correctly in order to 
pass the examination. 


Although this guide deals with Element 4A of the Amateur Radio 
Operator's examinations, the Ameco Publishing Corp. publishes 
guides covering all the other amateur elements, as well as code 
courses for learning the International Morse Code. If additional 
theory background information is required, it is suggested that the 
Amateur Radio Theory Course, Cat. #102-01 (see back cover for 
details), be consulted. 


Good Luck! 
Martin Schwartz 
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SUBELEMENT 4AA 
(6 questions) 


4AA-1.1 What are the frequency privileges authorized to the 
Advanced operator in the 75 meter wavelength band? 


B. 3500 kHz to 3525 kHz and 3800 kHz to 4000 kHz 
C. 3500 kHz to 3525 kHz and 3800 kHz to 3890 kHz 
D. 3525 kHz to 3775 kHz and 3800 kHz to 4000 kHz 

The answer assumes that the term, "75 meter 
wavelength band", refers to the entire band of frequencies from 3.5 
to 4.0 MHz. This band is generally referred to as the 80 meter 
wavelength band or the 75/80 meter wavelength band. The Advanced 


Class operator may use(@Win'the 3.525 to.3.759MHz and 3.775 to 4.0, 


»MHzsportions of the band. He may wseyphonetin the 3.775 \to4.0° MHz 
part of the band. See chart on page A-16. 


4AA-1.2 What are the frequency privileges authorized to the 
Advanced operator in the 40 meter wavelength band? 

A. 7000 kHz to 7300 kHz .B.: 1025: kHz to’7300 kHa 

C. 7025 kHz to 7350 kHz D. 7000 kHz to 7025 kHz 

The entire 40 meter wavelength band extends 
from §710"t6"7439 MHz. The Advanced Class operator may use GWein 
ithe) 71025°to 7139MHz portion of the band. He may use phone in»the, 
7.15 to 7.3 MHz part of the band 


4AA-1.3 What are the frequency privileges authorized to the 
Advanced operator in the 20 meter wavelength band? 

A. 14000 kHz to 14150 kHz and 14175 kHz to 14350 kHz 

B. 14025 kHz to 14175 kHz and 14200 kHz to 14350 kHz 

C. 14000 kHz to 14025 kHz and 14200 kHz to 14350 kHz 


The answer is*Dy The entire 20 meter wavelength band extends 
from b4.0etowh49359MHz. The advanced Class operator may usesGWj 


and 14:175=tod4.35 MHz portions of the 


in the 14.025 to 14.15 MHz 
band. He may use phoneyin»the 14.175» to,14.35,MHz part of the 
band. 


% 
4AA-1.4 What are the frequency privileges authorized to the 
Advanced operator in the 15 meter wavelength band? 
A. 21000 kHz to 21200 kHz and 21250 kHz to 21450 kHz 
B. 21000 kHz to 21200 kHz and 21300 kHz to 21450 kHz 


D. 21025 kHz to 21250 kHz and 21270 kHz to 21450 kHz 
The*answer is™Cj The entire 15 meter wavelength band extends 
from 21.0 to 21.45! MHz. The Advanced Class operator may use 
in the, 21025=toe2ie20 MHz and 21%225¢toi2lv459MHz portions of the 
A-1 


225utoe2IN459MHz part of the 


band. He may use phone in the 2l 
band. 


4AA-2.1 What is meant by automatic retransmission from a repeater 
Seuss 


Be The vepedter is setae by a aeeanene ent@ol link 
C. The repeater station is actuated by a control operator 
D: The ad Seeds station is actuated by a call sign sent in Morse code 


| véris As Automatic retransmission is the retransmission 
of ois es an amateur station whereby the retransmitting station 
is actuated solely by the presence of a received signal through 
electrical or electromechanical means, i.e., without any direct, positive 
action by the control operator. 


4AA-2.2 What is the term for the operation of a repeater whereby 
the repeater station is actuated solely by the presence of a received 
signal through electrical or»electromechanical means, without any 
direct, positive action by the control operator? 

A. Simplex retransmission B. Manual retransmission 

C. Linear retransmission utomatic retransmissi 


4AA-2.3 Under what circumstances, if any, may an amateur station 
automatically retransmit programs or the radio pier of other 
amateur stations? 

a sai ree the station licensee is present 


C. Only when ‘ire Peontral SSN is present 
D. Only during portable operation 

In accordance with paragraph 97.113(f), "No 
amateur station, except an auxiliary, repeater or space station, may 
automatically retransmit the radio signals of other amateur stations." 


4AA-2.4 Which of the following stations may not be automatically 
controlled? 
B. A station in beacon operation 
C. A station in auxiliary operation 
D. A station in repeater operation 

. "Automatic control" is defined as "the use of 
devices and procedures for control of a station when it is 
transmitting, so that compliance with the FCC Rules is achieved 
without the control operator being present at a control point". 


4AA-3.1 What is meant by repeater operation? 

A. An amateur station employing a phone kes to pass third party 
communications 

B. An apparatus for effecting remote control ben een a control point 


and a remotely controlled station 
A=2 


C. Manual or simplex operation 
i A rAIMmMi1inicatianc in 
Repeater operation is radio communication, other 


than auxiliary operation, for retransmitting automatically the radio 
signals of other amateur stations. 


4AA-3.2 What is a closed repeater? 


to certain users 
B. A repeater containing no special control circuitry to limit access 
to any licensed amateur 
C.A repeater containing a transmitter and receiver on the same 
frequency, a closed pair 
D. A repeater shut down by order of an FCC District Engineer-in- 
Charge 
The answeris"AVA "closed" repeater is one that is not available 


for all to use. A special coded tone is required to operate it. 


-—- 4AA-3.3 What frequencies in the 10 meter wavelength band are 
available for repeater operation? 
pameoe-28. 1 MHz Br29.0=29 7 eMHz 
C. 29.5-29.7 MHz * D. 28.5-29.7 MHz 
mThe"answer is CY All amateur bands above 29.5 MHz are available 
for repeater operation, except 50.0 to 51.0 MHz, 144.0 to 144.5 MHz, 
145.5 to 146.0 MHz, 220.0 to 220.5 MHz, 431.0 to 433.0 MHz, and 435 
to 438 MHz. Both the input (receiving) and output (transmitting) 
frequencies of a repeater station shall be frequencies that are 
available for repeater operation. 


4AA-3.4 Which of the following repeater operating and _ technical 
parameters are not the responsibility of the area frequency 
coordinator? as 

A. The repeater effective radiated power 

B. The repeater transmit and receive frequencies 

C. The repeater Height Above Average Terrain (HAAT) 


(The answer is"De»A frequency coordinator is a volunteer who 


makes recommendations in order to minimize interference. He, 
obviously, has nothing to do with the issuance of call signs. 


4AA-3.5 What frequencies in the 23-cm wavelength band are available 
for repeater operation? 
A. 1270 - 1300 MHz Be 2G = i29> MHz 


D. Repeater operation is not permitted in the 23-cm wavelength band 

The 23-cm wavelength band extends from 1240 

MHz to 1300 MHz. Since repeater stations may be used on all 

amateur bands above 29.5 MHz (with certain exceptions - see 

question 4AA-3.3), the entire band (1240 - 1300 MHz) is available for 
A-3 


Sai nama operation. 


ee 6 What is an open So beee ’ 


B. A repeater available for use only by members of a club or 
repeater group 

C. A repeater that continuously transmits a signal to indicate that it 
is, available for use 

D. A repeater whose frequency pair has been properly coordinated 
The answer is A¥ Access to a repeater station may or may not be 

limited. A repeater whose access is limited to a certain group is called 
"closed repeater". See question 4AA-3.2. 


4AA-3.7 What frequencies in the 6 meter wavelength band are 
available for repeater operation? 

A. 51.00-52.00 MHz B. 50.25-52.00 MHz 

C. 52.00-53.00 MHz D. 51.00-54.00 MHz 


ThesanswersismD. See discussion to question 4AA-3.3. 


4AA-3.8 What frequencies in the 2 meter wavelength band are 
available for repeater operation? 


B. 144.50-148.00 MHz 
C. 144.75-146.00 and 146-148.00 MHz 
D. 146.00-148.00 MHz 


The»answer.is..A. See discussion to question 4AA-3.3. 


4AA-3.9 What frequencies in the 1.25 meter wavelength band are 

available for repeater operation? 

A~«~i220325-225.00,MHz 

Cixegl,00e225,.00 Miz Dx223.009225.00.MHz 
@hHevanswer-is»B,. The 1.25 meter wavelength band is the 220-225 

MHz band. See discussion to question 4AA-3.3. 


4AA-3.10 What frequencies in the 0.70 meter wareisoeey band are 


available for repeater Ng Seaton 


B. 420.5-440 and 445-450 MHz 

C. 420.5-435 and 438-450 MHz 

D. 420.5-433, 435-438 and 439-450 MHz 

The 0.70 meter wavelength band is the 420-450 
MHz band. See discussion to question 4AA-3.3. 


4AA-4.1 What is meant by auxiliary station operation? 

A. Radio communication from a location more than 50 miles from that 
indicated on the station license for a period of more than three 
months 

B. Remote control of model airplanes or boats using frequencies 
above 50.1 MHz 

A-4 


C. Remote control of model airplanes or boats using frequencies 
above 29.5 MHz 


An auxiliary station may transmit only on the 
1.25 m and shorter wavelength bands, except the 220.0-220.5 MHz, 
431-433 MHz and 435-438 MHz segments. 

An auxiliary station may be automatically controlled only when 
it is part of a system that includes a repeater station also being 
automatically controlled. 


4AA-4.2 What is one use for a station in auxiliary operation? 


B. Remote control of model craft 
C. Passing of international third-party communications 
D. The retransmission of NOAA weather broadcasts 


eDhevanswer is. See question 4AA-4.1. 


4AA-4.3 A station in auxiliary operation may only communicate with 
which stations? 
A. Stations in the public safety service 


C. Amateur stations in space satellite operation 
D. Amateur stations other than those under manual control 


(Thevyansweris’B. See questions 4AA-4.1 and 4AA-4.2, 


4AA-4.4 What frequencies are authorized for stations in auxiliary 

operation? 

A. All amateur frequency bands above 220.5 MHz, except 432-433 
MHz and 436-438 MHz 

B. All amateur frequency bands above 220.5 MHz, except 431-432 
MHz and 435-437 MHz 


MHz and 435-438 MHz » 
D. All amateur frequency bands above 220.5 MHz, except 430-432 
MHz and 434-437 MHz 


(The answer’is"©. See discussion in answer 4AA-4.1. 


4AA-5.1 What is meant by remote control of an amateur radio 

station? 

A. Amateur communications conducted from a specific geographical 
location other than that shown on the station license 

B. Automatic operation of a station from a control point located 
elsewhere than at the station transmitter 

C. An amateur station operating under automatic control 


8 


Thewanswer is’ Di Remote control is manual control, with the 
A-5 


control operator monitoring the operation on duty at a control poise 
located elsewhere than at the station transmitter, so that the 
associated operating adjustments are accessible through a control 
link. 


4AA-5.2 What is one responsibility of a control operator of a station 
under remote control? 


B. Provisions must be made to limit transmissions to no more than 
4 minutes if the control link malfunctions 

C. Provisions must be made to limit transmissions to no more than 
5 minutes if the control link malfunctions 

D. Provisions must be made to limit transmissions to no more than 
10 minutes ae the control link malfunctions 


he answer is A’. In the case of local control, the control operator 
is on niga at ste Borittal point located at the station transmitter, with 
the associated operating adjustments directly accessible. 

In the case of remote control, the control operator is on duty at 
a control point located elsewhere than at the station transmitter, 
such that the associated operating adjustments are accessible through 
a control link. 

The responsibilities of the control operator are essentially the 
same, whether the operator uses remote control or local control. In 
addition, the following rules must be complied with when operating 
a station by remote control: 

(a) There is a radio or wireline control link between the control 
point and the station sufficient for the control operator to perform 
his/her duties. 

(b) Provisions are incorporated to limit transmission by the 
station to a period of no more than 3 minutes in the event of 
malfunction in the control link. 

(c) The station is protected against making, willfully or 
negligently, unauthorized transmissions. 

(d) A photocopy of the station license and a label with the name, 
address, and telephone number of the station licensee and at least 
one designated control operator is posted in a conspicuous place at 
the station location. 


4AA-5.3 If the control link for a station under remote control 

malfunctions, there must be a provision to limit transmission to what 

time length? 

A. 5 seconds B.10 minutes M@S3eMminudtes D. 5 minutes 
The,answersise@. See answer 4AA-5.2. 


4AA-5.4 What frequencies are authorized for radio remote control 
of an amateur station? 
A. All amateur frequency bands above 220.5 MHz, except 432-433 
MHz and 436-438 MHz 
B. All amateur frequency bands above 220.5 MHz, except 431-432 
A-6 


D. All amateur frequency bands above 220.5 MHz, except 430-432 
MHz and 434-437 MHz 


The answer is Cw. 


4AA-5.5 What frequencies are authorized for radio remote control 

of a station in repeater operation? 

A. All amateur frequency bands above 220.5 MHz, except 432-433 
MHz and 436-438 MHz 

B. All amateur frequency bands above 220.5 MHz, except 431-432 
MHz and 435-437 MHz 

C. All amateur frequency bands above 220.5 MHz, except 430-432 

MHz and 434-437 MHz 


— 


at is meant by automatic control of an amateur station? 
; : re F OY ontrol <s 9 tnat cont -o] 


B. Radio communication for remotely controlling another amateur 
station 

C. Remotely controlling a station such that a control operator does 
not have to be present at the control point at all times 

D. The use of a control link between a control point and a remotely 


controlled station 


4AA-6.2 How do the responsibilities of the control operator of a 
station under automatic control differ from one under local control? 
A. Under local control, there is no control operator 


C. Under automatic control, there is no control operator 
D. Under local control, a control operator is not required to be 
present at the control point at all times 
-Thevanswer»is,B. Under local control, the control operator must 
be present at the control point. 


4AA-6.3 Which of the following amateur stations may be operated by 
automatic control? 
A. Stations without a control operator 


C. Stations under remote control 
D. Stations controlling model craft 


4AA-7.1 What is a control link? 
A-7 


A. The automatic-control devices at an unattended station 
B. An automatically operated link 


4AA-7.2 What is the term for apparatus to effect remote control 
between the control point and a remotely controlled station? 
A.v bone link B. Wire control 


C. Remote control 


B. The Oscar satellite transponder 

C. A carrier operated relay system 

D. aan use of a portable handheld to turn on or off the repeater 
“he answer is A. The local control operator directly manipulates 

the spending Te in the station to achieve compliance with 

the FCC Rules. See answer 4AA-5.2. 


4A A-8.2 Who may be the control operator of an auxiliary station? 
A. Any amateur operator 


C. Any General, Advanced or Amateur Extra class operator 
D3 si Desi SS or Amateur Extra class operator 

The answer is Bi An auxiliary station may be operated by any 
aves of peat except the Novice class. 


4AA-9.1 How may a repeater station be identified? 
A. By a burst of digitized information. 


B. Only voice nae be used for identification 


nt So a Dear be used for identification 
e answer is»C. When identification is made by a CW emission 
that is ome by an automatic device used only for identification, the 
speed must not exceed 20 words per minute. 
When phone is used, identification must be made in the English 
language. Use of a phonetic alphabet as an aid for correct station 
identification is encouraged. 


4AA-9.2 When a repeater station is identified in Morse code using 
an automatic keying device, what is the maximum code speed 
permitted? 
A. 13 words per minute B. 30 words per minute 
C. 20 words per minute’ D. There is no limitation 
The answer is’ C."See answer 4AA-9.1. 
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4AA-9.3 How often must a beacon station be identified? 
A. Every eight minutes 

B. Only at the end of the series of transmissions 

C. At the ee of a series of transmissions 


A beacon is an Sates Btn eeanetitiiNg 
communications for the purposes of observation of propagation and 
reception or other’ related cea activities. Station 
identification procedures for a. 1 are the same as 


for other»amateur stations. 
4AA-9.4 When may a repeater be identified using digital codes? 


B. Digital identification is not allowed 
C. Only voice may be allowed 
D. No identification is needed in digital transmissions 


4AA-10.1 When is prior FCC approval required before constructing 
or altering an amateur station antenna structure? 
A. When the antenna structure violates esse ee codes 


C. When an Sienna \oaatéa 23000 feet catia an sapane runway will 
be 150 feet high 

D. When an antenna located 23000 feet from an airport runway will 
be 100 feet high 

. Except as provided elsewhere in the rules, an 

antenna for a station in the amateur service which exceeds the 

following height limitations, may not be erected or used unless notice 

has been filed with both the FAA on FAA Form 7460-1, and with the 

FCC on Form 714, or on the license application form, and prior 
approval by the Commission has been obtained for: 

Any construction or alteration 
above ground level at its site. 

m2) Any construction or alteration of greater height than an 
imaginary surface extending outward and upward at one of the 
following slopes: 

w@)"’100 to 1 for a horizontal distance of 20,000 feet from the 
nearest point of the nearest runway of each airport, with at least 
one runway more than 3,200 feet in length, excluding heliports and 
seaplane bases without specified boundaries, if that airport is either 
listed in the Airport Directory of the current Airman's Information 
Manual, or is operated by a Federal military agency. 

50 to 1 for a horizontal distance of 10,000 feet from the 
nearest point of the nearest runway of each airport, with its longest 
runway no more than 3,200 feet in length, excluding heliports and 
seaplane bases without specified boundaries, if that airport is either 
listed in the Airport Directory, or is operated by a Federal military 
agency. 

Ar 


oe Oa 


eGii) 25 to 1 for a horizontal distance of 5,000 feet from the nearest 
point of the nearest landing and takeoff area of each heliport listed 
in the Airport Directory, or operated by a Federal military agency. 
»@) Any construction or alteration on an airport listed in the 
Airport Directory of the Airman's Information Manual. 


4AA-10.2 What must an amateur operator obtain from the FCC before 
constructing or altering an antenna structure more than 200 feet 
high? 

A. An Environmental Impact Statement 

B. A Special Temporary Authorization 


r10. 


D. An effective radiated power statement 


_ThesanswersiseGeiSee answer 4AA-10.1. 


4AA-11.1 Without special FCC approval, what maximum height above 
ground level (excluding airport proximity effects) is permitted for 
any amateur antenna support structure, including the radiating 
elements, tower, supports, etc.? 

A. 46 m (150 feet) -B. 61 m (200 feet)’ 

C. 76 m (250 feet) D. 91 m (300 feet) 


The answer is Bi 


4AA-11.2 From what government agencies must permission be 
obtained if you wish to erect an amateur antenna structure that 


exceeds 200 feet above ground level? 
Fed - Aviation \dministrati and Federal Communications 


tL a : ii Be) LIVI 


» Commission’ 

B. Environmental Protection Agency and Federal Communications 
Commission 

C. Federal Aviation Administration and Environmental Protection 
Agency 


D. Environmental Protection Agency and National Aeronautics and 
Space Administration 


The answer‘is Av"See answer 4AA-10.1. 


4AA-12.1 Which of the following types of amateur communications is 
not a "prohibited transmission" as defined in Part 97? 

A. Transmission of messages into a disaster area for hire or for 
material compensation 


C. Transmission of communications that facilitate the regular business 
or commercial affairs of any party 
D. Transmission of communications concerning moving, supplying and 
quartering participants in a charity event as long as the 
sponsoring charity is the principal beneficiary of such 
communications, not the public 
No station shall transmit communications as an 
alternative to other authorized radio services, except as necessary to 
A-10 


providing emergency communications. 
~— 4AA-12.2 May an amateur operator inform other amateur operators 
of the availability of apparatus for sale or trade over the airwaves? 
A. You are not allowed to sell or trade equipment on the air 
B. You are allowed to derive a profit by buying or selling equipment 
on the air on a regular basis 
C his isa perm! ble. activity the apparatus can norma De 


D. This is allowed only if you also give the serial number of the 
equipment 
. Amateurs may inform other amateur operators 
of the availability of apparatus normally used in an amateur station, 
including such apparatus for sale or trade. This exception is not 
authorized to any person seeking to derive a profit by buying or 
selling such apparatus on a regular basis. 


4AA-12.3 Under what conditions, if any, may communications be 
transmitted to a commercial business by an amateur station? 

A. When the total remuneration does not exceed $25 

B. When the control operator is employed by the FCC 

C. When rans international eae gS communications 


The answer™iss Dw Except for an emergency communication, 


business communications by amateur operators are prohibited. 


4AA-13.1 What are the only types of messages that may be transmit-— 
ted to an amateur station in a foreign country? 

A. Supplies needed, on a routine schedule 

B. Emergency messages or business messages 

C. Business sae or eee a a Peemrical nature 


D. When - 4 Bneiceione Barren amateay BAtiony of 
different countries are permitted, they shall be made in plain 
language and shall be limited to messages of a technical nature 
relating to tests and to remarks of a personal character for which, 
by reason of their unimportance, recourse to the public telecommu- 
nications service is not justified. It is absolutely forbidden for 
amateur stations to be used for transmitting international communica- 
tions on behalf of third parties. 

The preceding provisions may be modified by special arrangements 
between the administrations of the countries concerned. 


4AA-13.2 What are the limitations on international amateur 
communications regarding the types of messages transmitted? 
A. Emergency communications only 


g Business communications only 


A-11 


D. Call sign and signal reports only 


The answeriis B. See answer 4AA-13.1. 


4AA-14.1 Under what circumstances, if any, may amateur operators 

accept payment for using their own stations (other than a club 

station) to send messages? 

A. When employed by the FCC B. When passing emergency traffic 
es 

D. When passing international third party communications 

| . No station shall transmit messages for hire or 

for material compensation, direct or indirect, paid or promised. Zhe 


control operator of a club station, 


4AA-14.2 Under what circumstances, if any, may the licensee of an. 
amateur station in repeater operation accept remuneration for 
providing communication services to another party? 

A. When the repeater is operating under portable power 

B. When the repeater is under local control 

C. During Red Cross or other emergency service drills 


n 
4AA-15.1 Who is responsible for preparing an Elemént 1(A) telegra- 
phy examination? 


B. The FCC 
Ciylhe.Vi.C 

D. Any Novice licensee 

The answer is A. , tf 
a. 

4AA-15.2 What must the Element 1(A) telegraphy examination prove? 
A. The applicant's ability to send and receive text in international 
Morse code at a rate of not less than 13 words per minute 


C. The applicant's ability to send and receive text in international 
Morse code at a rate of not less than 20 words per minute 

D. The applicant's ability to send text in international Morse code at 
a rate of not less than 13 words per minute 
‘The answer is B. yi 

4AA-15.3 Which telegraphy characters are used in an Element 1(A) 


pe examination? 


B. The letters A through Z, @ through 9, the period, the comma, the 
open and closed parenthesis, the question mark, AR, SK, BT and 
DN 


A-l2 


C. The letters A through Z, @ through 9, the period, the comma, the 
dollar sign, the question mark, AR, SK, BT and DN 

D. A through Z, @ through 9, the period, the comma, and the 
question mark 


t/ 
4AA-16.1 Who is responsible for preparing an /Element 2" written 


examination? 
A. The FCC B. Any Novice licensee 


A GQudlilic i SUDI yi ti 


D. The VEC 
The answer is C. ' 


4AA-16.2 Where do volunteer examiners obtain the questions for 

preparing an Elemer written examination? 

A. They must prepare the examination from material contained in 
the ARRL Handbook or obtain a question set from the FCO 

B. They must prepare the examination from material contained in a 
question pool maintained by the FCC in Washington 

C. They must prepare the examination from material contained in a 

question pool maintained by the local FCC field office 


=) ie 


4AA-17.1 Who is eligible for administering an examination for the 
Novice operator license? 


On cao Ano 


B. An amateur operator holding a Technician, General, Advanced or 
Extra class license and at least 18 years old 

C. An amateur operator holding a General, Advanced or Extra class 
license and at least 16 years old 

D. An amateur operator holding a Technician, General, Advanced or 
Extra class license and at least 16 years old 


‘The answer is A. 


4AA-17.2 Within how many days after the administration of a 
successful Novice examination must the examiners submit the 
application to the FCC? 

A. Within one week of the administration date 


C. Within 5 days of the administration date 
D. Within 30 days of the administration date 

sThe‘answeris’Bi The application must be submitted to: FCC) P.O.» 
Box 1020 Gettysburg, Pa. 17326.) 


4AA-17.3 Where must the completed form 610 be submitted after the 
administration of a successful Novice examination? 
A. To the nearest FCC Field Office 

A-13 


B. ee a ae ECC in batlnc ele me 


D. To o y VEC 
The ans\ is C. See answer 4AA-17.2. 


4AA-18.1 What is the minimum passing score on a written examination 
element for the Novice operator license? 
ie A minimum eos NAS correct answers 


C. Ne minimum Ee 21 Besiect answers 
D. A minimum of 24 correct answers 


4AA-18.2 How many questions must an element 2 written examination 
contain? 


A. 25 B. 50 C. 40 yD. COs 
The answer 135], 


4AA-18.3 In a telegraphy examination, how many characters are 
counted as one word? 
An 2 eBess Gs De0 


)Thevanswer is BY. In a telegraphy examination, five characters are 
counted as one word. Each letter of the alphabet (A-Z) is counted as 


one character; each numeral (0-9) and punctuation mark counts as 
two characters. 


4AA-19.1 What is the minimum age to be a volunteer examiner? 


A. 16 years old B. 21 years old Gyl8»yearsold D. 13 years old 


4AA-19.2 Under what circumstances, if any, may volunteer examiners 
a Sol for their (ESS 


Bs When ait Lott cseehewe expenses exceed $25 

C. The volunteer examiner may be compensated when traveling over 
25 miles to the test site 

D. Only when there are more than 20 applicants attending the 
examination session 


4AA-19.3 Under what circumstances, if any, may a person whose 
amateur station license or amateur operator license has ever been 
revoked or suspended be a volunteer examiner? 


B. Only if five or more years have elapsed since the revocation or 
suspension 

C. Only if 3 or more years have elapsed since the revocation or 
suspension 

D. Only after review and subsequent approval by the VEC 
plitenanswemdsa’. 


A-14 


4AA-19.4 Under what circumstances, if any, may an employee of a 
company which is engaged in the distribution of equipment used in 
connection with Amateur Radio transmissions be a _ volunteer 
examiner? 

A. If the employee is employed in the Amateur Radio sales part of 
the company 


.If the employee serves as a volunteer examiner for his/her 

customers 
D. If the employee does not normally communicate with the benefits 

and policies part of the company 

‘The answer is B. Any person who owns a significant interest in, 
or is an employee of, any company or other entity which is engaged 
in the manufacture or distribution of equipment used in connection 
with Amateur Radio transmissions, or in the preparation or 
distribution of any publication used in preparation for obtaining 
amateur operator licenses, igible to be a volunteer examiner for 
purposes of amateur operator examination. 
However, an employee who can demonstrate that he/she does not 
normally communicate with that part of an entity engaged in such 
manufacture or publishing is eligible to be a volunteer examiner. 


4AA-20.1 What are the penalties for fraudulently administering 

examinations? 

A. The VE's amateur station license may be suspended for a period 
not to exceed 3 months 

B. The VE is subject to a monetary fine not to exceed $500 for each 

day the offense was committed 


D. The VE will be restricted to administrating only Novice class 
license examinations 


(ThesanswersissG. No VE may administer or certify any exam- 
ination by fraudulent means or for monetary or other consideration 
including reimbursement in any amount in excess of that permitted. 
Violation of this provision may result in the revocation of the VE 
station license and the suspension of the VE operator license. 


4AA-20.2 What are the penalties for administering examinations for 

money or other considerations? 

A. The VE's amateur station license may be suspended for a period 
not to exceed 3 months 

B. The VE is subject to a monetary fine not to exceed $500 for each 
day the offense was committed 

C. The VE will be restricted to administering only Novice class license 
examinations 


d 


The answer is D. See answer 4AA-20.1 
A-15 
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FAX 
4AB-1.1 What is facsimile? 
A. The transmission of characters by radioteletype that form a 

picture when printed 
B. The transmission of still pictures by slow-scan television 
C. The transmission of video by amateur television 


_ paper , 

, Facsimile involves the transmission and reception 
of graphic material such as drawings, maps or photographs. The visual 
material is converted into varying audio tones and transmitted. 

In the most commonly used facsimile systems, the material to be 
transmitted is wrapped around a rotating drum or cylinder. A spot of 
light is projected on the cylinder and reflects back to a photo- 
sensitive tube. The output of the tube varies according to the 
pean: or pcpesind of es Ht ee on ts hie This. varying 


At ‘ne receiver, Pine Sear is Potecten in rine eal manner. The 
output of the detector is a varying signal which corresponds to the 
varying output of the photosensitive tube at the transmitting system. 
This is used to control the operation of the printer. A common 
printer uses a stylus which traces a continuous line from the top of 
the cylinder to the bottom, with the lightness or darkness of the line 
depending upon the received facsimile signal. As the line moves from 
the top to the bottom of the cylinder, it "traces" a reproduction of 
the image originally scanned by the photosensitive tube. 

Figure 4AB-1a illustrates a block diagram of a simplified facsimile 
station. 


MATERIAL 
TO BE SENT 


RECEIVER PRINTER 


Fig. 4AB-1.1B. Facsimile receiver. 


4AB-1.2 What is the modern standard scan rate for a facsimile picture 
transmitted by an amateur station? 
jee 


B. The racenss Be REP 7 50 fee per ate 
C. The modern standard is 150 lines per second 
D. The cei standard is 60 lines per second 


4AB-1.3 What is the approximate transmission time for a facsimile 
picture transmitted by an amateur station? 
ae oa 6 estab Een Aue at of as Die 


C. Approtinatele 6 yen a per ee Aes 240 ee 
iF his peas _per frame at 240 lpm 

The answer is B. The elon time for facsimile depends 
upon “ane! scan rate (lines per minute) and the number of lines per 
inch. The time for a hate’? facut picture or "frame" may be from 
2 minutes up to 10 minutes. 


4AB-1.4 What is the term for the transmission of printed pictures 
by radio? 
A. ee VaLOn 


Facsimil Ex Xerography D. ACSSB 
BS The 1 new FCC emission definitions use the term, 


ime", to deere Facsimile or Television. See appendixes AP-1 
and AP-2. 


4AB-1.5 In facsimile, how are variations in picture brightness and 
darkness converted into voltage variations? 
fae With an LED B. With a Hall-effect transistor 

, D. With an optoisolator 


ACTED EOD eos answer 4AB-1.1. 


4AB-2.1 What is slow-scan television? 

A. The transmission of Baudot or ASCII signals by radio 

B, The transmission of pictures for permanent display on paper 
C. The ER ase of OnE east Bs radio 


SUBCARRIER 
0SC.1750 HZ 


MIC. if 


Fig.4AB-2.1. Basic slow-scan TV transmitter 


AUDIO 
TAPE 
RECORDER 


B=2 


answeris Dy A basic slow-scan television transmitter is shown 
in Figure’4AB=2.1? The camera is either a vidicon or flying-spot 
scanner. It scans a scene, line by line, and produces a pulsating DC 
voltage which varies in accordance with the brightness at each point 
on the lines. The camera output includes horizontal and vertical sync 
pulses at regular intervals. 

This video signal is fed to a modulator which frequency modulates 
a 1750 Hz audio tone, called the subcarrier. In this modulator, the 
video information is actually converted into a varying tone. Maximum 


and grays by various tones in between. The subcarrier is shifted to 
1200 Hz for the sync pulses. This is in the blacker than black region. 
This modulated subcarrier is then applied to the microphone jack of 
an amateur transmitter and is transmitted as a constantly changing 
audio tone. 

In normal commercial TV, 30 complete pictures, or frames, are 
transmitted in one second. In amateur slow-scan TV, it takes 8 
seconds to transmit one complete picture or frame. This is why 
amateur TV is referred to as "slow-scan". 

The TV carrier may be amplitude modulated or frequency 
modulated. 


4AB-2.2 What is the scan rate commonly used for amateur slow-scan 
television? 

A. 20 lines per minute 15 lines per secon 
C. 4 lines per minute D. 240 lines per minute 
ePhewanswersis™B. Since it takes approximately 8 
transmit a complete picture (frame), and there are 420 1ines,to, 
frame, the scan rate is 120/8 or 15 lines per second. See.answer 4AB- 

(2.1. 


4AB-2.3 How many lines are there in each frame of an amateur 

slow-scan television picture? 

A. 30 B. 60 Cc. 120 D. 180 
‘Dhesanswer is G. See answer 4AB-2.2. 


10 


seconds to 


f) 


4AB-2.4 What is the audio frequency for black mm an amateur 
-slow-scan television picture? 

A. 2300 Hz B. 2000 Hz C. 1500 Hz D. 120 Hz 

The. answer-is C. See answer 4AB-201i 


4AB-2.5 What is the audio frequency for white in an amateur 
slow-scan television picture? 
A. 120 Hz B. 1500 Hz C. 2000 Hz 'D. 2300 Hz 


Thevansweris"D) See answer 4AB=241. 


4AC-1.1 What is a sporadic 
A. Variations in E-layer height caused By sunspot variations 
B. A brief increase in VHF signal levels from meteor trails at ERAS 
height 
t 
D. Partial tropospheric ducting at E-layer height 
Thevansweris»C. Sporadic-E propagation is a temporary sky wave 
transmission mode that occurs eS ea on the lower VHF bands. 
» but rarevson»2»meters. It is the 
result of areas of unusually sane ionization that occur 
e. Sporadic-E can 
produce one-hop sky wave coverage to 1200 miles and occasionally, 
twice that distance with two-hop sky waves. 


4AC-1.2 What is the propagation condition called where scattered 
patches of relatively dense ionization develop seasonally at E layer 
heights? 

A. Auroral propagation B. Ducting 

C. Scatter 


‘The answer is Dt See answer 4AC-1.1. 


4AC-1. 3 In what eile of the world is sporadic-E most prevalent? 
: . ) B. The arctic regions 


el The Worthen Pemicenere D. The polar regions 
The answer is A; 


4AC-1.4 On which amateur frequency band is the extended-distance 
propagation effect of sporadic-E most often observed? 
A. 2 meters 'B. 6 meters C. 20 meters ~D. 160 meters 


The answer is*B. See answer 4AC-1.1. 


4AC-1.5 What appears to be the major cause of the ‘sporadic-E 
condition? 


B. Sunspots 
C. Temperature inversions D. Meteors 

. Winds traveling at high velocity and flowing in 
opposite directions, in the vicinity of a magnetic field, cause dense 
clouds of ionization. This occurs in the E-layer region of the 
ionosphere, and causes VHF waves to be reflected so that they can 
be received from 400 to 1300 miles away. Simultaneous patches of 
ionization in several areas can result in multiple hop propagation, 
which can extend propagation up to 2500 miles. 


4AC-2.1 What is a selective fading effect? 
Ord! 


A. A fading effect caused by small changes in beam heading at the 
receiving station 


BWA fading effect caused by phase differences between radio wave 
components of the same transmission, as experienced at the 


receiving station 
C. A fading effect caused by large changes in the height of the 

ionosphere, as experienced at the receiving station 
D. A fading effect caused by time differences between the receiving 

and transmitting stations 

eTDhevansweris'B. Fading, in general, is caused by a signal reaching 
a reception point via two or more paths. The "signals" arrive at 
slightly different times, and are out of phase with each other. They 
tend to cancel one another, thereby causing the fading phenomena. 

SBLECTIVE®FADING occurs when parts of a signal undergo 
different amounts of fading, compared to other parts of the same 
signal that differ in frequency. A common example is when some of 
the sidebands of a modulated signal undergo different amounts of 
fading, compared to the other sidebands that are of different 
frequencies. This causes severe distortion and Ugey sa Ba ke Ae 
fading than narrower bandwidth modes (s 


4AC-2.2 What is the propagation effect called when phase differences 
between radio wave components of the same transmission are 
experienced at the recovery station? 
A. Faraday rotation B. Diversity reception 
GC. Selective fading D. Phase shift 

The,answer is G. See answer 4AC-2.1. 


4AC-2.3 What is the major cause of sele 


A. Small changes in beam heading at the mecsivine Betndion 

B. Large changes in the height of the ionosphere, as experienced at 
the receiving station 

C. Time differences between the receiving and transmitting stations 


Thesansweris D. See answer 4AC=-2.1.” 


4AC-2.4 Which emission modes suffer the most at selective fading 
A. CW and SSB uble sidebz 
C. SSB and AMTOR D. SSTV pace Cw 

The answer is'B. Wider bandwidth modes, such as FM and double 


4AC-2.5 How does the bandwidth of the transmitted signal affect 
selective fading? 


idths 

B. It is more pronounced at narrow bandwidths 

C. It is equally pronounced at both narrow and wide bandwidths 
C-2 


D. The receiver bandwidth determines the selective fading effect 

e answer is A: See answer 4AC-2.4. Also, selective fading is 
more pene at lower transmitting frequencies because the 
bandwidth of the signal is a higher percentage of the carrier 
frequency than it is at higher transmitting frequencies. 


4AC-3.1 What effect does have upon radio communi-— 


cations? 


A. The readability of SSB signals increases 
B. FM communications are clearer 
C. CW Baise a ae a clearer tone 


wer is D AGEOFE! ether is the reflection of VHF radio 
signals f eri ike auroral Saal easie: that pihmnersacbieeiti se 
sions. This occurs during periods: o e suns tivity. The 
Veflebtfonls occur mostly on the 6 and 2-mete: o ucienath bands, and 
can extend devenne ie a6 seaiiahee as 5 2000 miles; even with low power. 
The auroral effect on the High Frequency bands is different from 
that on the VHF bands. Communications in the HF bands are 
considerably reduced and ¢ erratic. 
Auroral ene. are characterizec 1 rapid and err 
that produces severe voice distor » AS «a seri CW is the 
anerenred rfteae: If Bear imrias are used, they should be pointed 
in a northerly direction (in the Northern Hemisphere), regardless of 
where the other station is. 


4AC-3.2 What is the cause of auroral activity 
A. A ei aUDeRat Say B.A low sunspot level 


The answer i: Auroral effect is caused by i ivity 
which causes ec eteeatl of ionized areas to develop cies arrest 
‘egions of the earth. VHF: signals are retiecte 

ae den minieanone in the VHF Baudet are DRS YS far beyond ea 
normal range. 


= O14 


4AC-3.3 In the northern hemisphere, in which direction should a 
directional antenna be pointed to take maximum advantage of auroral 
propagation? 
A. South B. North C. East D. West 

1e answer is B. The antenna should generally be pointed North in 
the N ertert: n Hanispliare: and South in the Southern Hemisphere. The 
operator should rotate his antenna for maximum response. 


4AC-3.4 Where in the ionosphere does auroral activity occur? 
A. At F-layer height B. In the equatorial band 
C. At D-layer height 


4AC-3.5 Which emission modes are best for auroral propagation? 
C-3 


and SSB ~—=é&. SSB and FM C. FM and CW D. RTTY and AM 
wer is A. The narrower bandwidth modes are best for 


Single Sideband Su naeeeene Carrier. 
‘worst to use. 


4AC-4.1 Why does the radio-path horizon distance exceed the 
geometric horizon? 

A. E-layer skip B. itarset he ste 

C. Auroral skip adio waves m 


7 Ehe GEOMETRIC or TRUE HORIZ ON j is spas et 
along a straight ine between the source and the distant Same ee 
the 2 ad ats sky appear to meet. cee a six-foot person s | ba 
2 1Ore a ee OOKINE e C vard, the geor 1etric horizon ow ould Ee 
The RADIO PATH ‘HORIZON is further away from the geometric 
horizon because the VHF-UHF waves are bent slightly downward and 
follow the curvature of the earth. This is due to the normal decrease 
in air density at higher altitudes. Thin, high altitude air causes the 
upper part of the wave front to move faster than the lower part, 
thus bending it toward earth. This causes the radio wave to reach 
beyond the geometric horizon to a point approximately 30% farther. 
The same six-foot man, standing at Cok SESS ee a Pee 


4AC-4.2 How much farther does the radio-path horizon distance 
exceed the elaaeade horiz og 


B. By wept oximately Rice ere distance 

C. By approximately one-half the distance 

D. By approximately four times the distance 
See answer 4AC-4.1. 


4AC-4.3 To what distance is VHF Sauna Dosen, cael ae 
A. Approximately 1000 miles B. Approximately 500 mil 
C. Approximately 1500 miles D. Be erani nately 2000 uilés 

The answer is B. Ordinarily, VHF propagation is local in character. 
Its range is up to several hundred miles. 


4AC-4.4 What propagation condition is usually indicated when a VHF 
signal is received from a station over 500 miles away? 
A. D-layer absorption B. Faraday rotation 
D. Moonbounce 
‘The*answeriis C. There are a number of conditions that will cause 
VHF reception over 500 miles. However, a common cause for long 
distance VHF propagation is tropospheric bending. This occurs when 
there are abrupt changes in the temperature and/or pressure of the 
air in the troposphere (lower atmosphere). These varying air masses, 
differing in temperature, pressure and/or humidity, cause signals to 
bend and be received up to over a thousand miles. 

C-4 


4AC-4.5 What happens to a radio wave as it travels in space and 
collides mh g OCDE: Dareeigas 


1! g WEA a ry * 4. "adil fom Sey e 
B. Pilates energy is eeraee by ane Eanie wave 
C. Aurora is created 


DG BL SLE since radio waves have no physical substance 


. The radio wave loses its energy as it collides 
with ine ae: cowmatates and its signal strength is gradually reduced. 


SE shale: 


4AD-1.1 What is a frequenc 
Ww: A net Reoecy 


C. A device cer aerbre thi measuring apetiieticy to within ii Hz 
D. A device used to generate wideband random frequencies 

The answer is™Bi A frequency standard is an oscillator or device 
that generates highly accurate stable signals. For example, if it 
generates a signal whose frequency is said to be 100,000 Hz, then, we 
can be certain that the frequency is exactly 100,000 Hz. It is 
accurate to within 1 Hz in hundreds of millions of Hz. A PRIMARY 
Saale 4 gc has the highest accuracy that can be had. ‘The’ 

1 tandards uses (PRIMARY frequency standards 

when ficy Brosdcsst ster on various frequencies. Their primary 
frequency standards use a Cesium-beam-controlled oscillator. 

pA"SECONDARY! frequency standard is a highly accurate generator 
that is used to calibrate and check frequency measuring meters and 
receivers. It is highly accurate but it is not as accurate as the 
Primary standard. Secondary standards are frequently checked against 
Primary standards to insure their accuracy. 


4AD-1.2 What is a frequency-marker generator’ 


B. A sweep generator 
C. A broadband white noise generator 
D. A device used to generate wideband random frequencies 
_A frequency marker generator is a highly stable, 

accurate generator that can be adjusted to put out one or more 
specific frequency signals. A popular frequency marker uses a 100 
kHz crystal in an oscillator circuit that is rich in harmonic output. A 
considerable number of signals are produced that are 100 kHz apart. 

A frequency marker generator can be used in conjunction with a 
sweep generator to pinpoint specific frequencies on a response curve. 


r. See 
answer 4AD-1.3. 


4AD-1.3 How is a frequency-marker generator used? 
A. In conjunction with a grid-dip meter 


C. As the basic frequency element of a transmitter 
D. To directly measure wavelength 
Théevanswer is B. The frequency marker generator can be used to 
check one's transmitter frequency. This is done by tuning the 
transmitter signal in on the receiver, being careful not to overload 
the receiver. With the aid of the marker generator, the receiver dial 
D-1 


is adjusted for accuracy. We then read the receiver dial to find the 
transmitter's frequency. See answer 4AD-1.2. 


4AD-1.4 What is a fre 


= 


B. A frequency marker generator 
C. A device that determines whether or not a given frequency is in 
use before automatic transmissions are made 
D. A broadband white noise generator 
The answer is'A. A frequency counter is a frequency measuring 
meter that gives a direct digital readout of the signal being 
measured; that is, it displays numerically, on its panel, the frequency 
of the signal. Frequency counters have circuits that "count" each 
cycle of the incoming signal. Counters contain crystal-controlled 
standard frequency oscillators to give them a high degree of 
accuracy. 


4AD-1.5 How is a frequency counter used? 

A. To provide reference points on an analog receiver dial 
B. To generate a frequency standard 

C. To measure the deviation in an FM transmitter 


The answer is!D. The signal to be measured is fed to the counter 
and the frequency is read numerically on the digital readout of the 
meter. The strength of the signal being read should be high enough 
for the sensitivity of the meter. However, it should not be too 
strong, otherwise it will damage the meter. If the frequency of an RF 
signal is being measured, a two or three turn loop can be used to 
couple the energy from the output of the signal source. The coupling 
of the loop to the source should not be too tight, otherwise the 
mutual inductance will cause the frequency of the signal being read 
to change. However, it should be close enough to couple an adequate 
amount of energy to operate the counter properly. 


4AD-1.6 What is the most the actual transmitter frequency could 

differ from a reading of 146;520;000-Hertz on a frequency counter 

with a time base accuracy of +/-1.0 ppm? 

Weds a eh B. 14.652 kHz g@ynla6yS2eHz D. 1.4652 MHz 
pLhewanswervis"C. If the accuracy is plus or minus (+ or -) 1 part 

per million (ppm), then we simply divide the frequency by 1,000,000 

to arrive at the possible frequency difference. 


146,520,000 Hz 
1,000,000 


4AD-1.7 What is the most the actual transmitter frequency could 
differ from a reading of 146,520,000-Hertz on a frequency counter 
with a time base accuracy of +/-0.1 ppm? 
Aw 14:652"Hz B. 0.1 MHz C. 1.4652 Hz D. 1.4652 kHz 
‘The*answer#is-A. We can find the possible frequency difference 
for 1 part per million as we did in answer 4AD-1.6. We then divide 
Dae 


= 146.52 Hz. 


this by 10 to arrive at the frequency amount for one tenth of 1 part 
per million (0.1 ppm). 


Saat 14,652,412, 


4AD-1.8 What is the most the actual transmitter frequency could 

differ from a reading of 146,520,000-Hertz on a frequency counter 

with a time base accuracy of +/- 10 ppm? 

A. 146.52 Hz Bw1LOLHz C. 146.52 kHz W®vl465.20eHz 
Thewanswer.is..D. We can find the possible frequency difference 

for 1 part per million as we did in answer 4AD-1.6. We then multiply 

by 10 to find the frequency amount for 10 ppm. 


146.52 Hz x 10 = 1465.2 Hz 


4AD-1.9 What is the.most the actual transmitter frequency could 

differ from a reading of 432,100,000-Hertz on a frequency counter 

with a time base accuracy of +/- 1.0 ppm? 

A. 43.21 MHz ~—si&B. 10 Hz C. 1.0 MHz Dw432.1 Hz” 
DhesanswereissD. We solve this problem using the same method as 

in answer 4AD-1.6. 


432,100,000 Hz _ 4391 Hz. 
1,000,000 


4AD-1.10 What is the most the actual transmitter frequency could 

differ from a reading of 432,100,000-Hertz on a frequency counter 

with a time base accuracy of +/- 0.1 ppm? 

Aw4A3clv Hz. B. 0.1 MHz C. 432.1 Hz D. 0.2 MHz 
The-answer-isyA. We solve this problem using the same method as 

in answer 4AD-1.7. 


432.1 Hz _ 4391 Hz. 
10 


4AD-1.11 What is the most the actual transmitter frequency could 

differ from a reading of 432,100,000-Hertz on a frequency counter 

with a time base accuracy of +/- 10 ppm? 

A. 10 MHz By 10. Hz (C. 4321 Hz D. 432.1 Hz 
TGhe-answer-is»Gs We solve this problem using the same method as 

in answer 4AD-1.8. 


432.1 Hz x 10 = 4321 Hz 


4AD-2.1 What is a dip-meter? 
A. A field strength meter 
B. An SWR meter 
A’ variable LC oscillator with metered feedback current 
D. A marker generator 
Whew answer is ©. The basic dip-meter is used to measure the 
resonant frequency of a tuned circuit. It consists of a variable 
frequency oscillator, a power source, and a meter in its grid (or 
D=3 


> ry) ie ) lige, 


base) circuit. With the coil of the dip-meter coupled to the unknown 
tuned circuit, the variable capacitor of the dip-meter oscillator is 
varied until its meter dips. The dip indicates that the tuned circuit of 
the meter has the same resonant frequency as the unknown tuned 
circuit. The dial of the meter, which is calibrated in frequency, is 
then read to determine the frequency of the unknown circuit. See 
answer 4AD-2.3. 


4AD-2.2 Why is a dip-meter used by many amateur operators? 

A. It can measure signal strength accurately 

B. It can measure frequency accurately 

C. It can measure transmitter output power accurately 

D. It can give an indication of the resonant frequency of a circuit 

The answer is D. It can be used to do many things. It is primarily 
used to measure the frequency of a tuned circuit and can therefore 
be used in constructing and testing receivers, transmitters and 
antennas. It can also be used to locate parasitic oscillations in a 
transmitter. 

With the power source turned off, the dip-meter can be used as a 
wavemeter. With suitable charts and some standard capacitors and 
inductors, the dip-meter can also be used to measure inductance and 
capacitance. 


4AD-2.3 How does a dip-meter function? 

A. Reflected waves at a specific frequency desensitize the detector 
coil 

B."Power coupled from an oscillator causes a de 

C. Power from a transmitter cancels feedback current 

D. Harmonics of the oscillator cause an increase in resonant circuit Q 
The answer is B. See answer 4AD-2.1. When the resonant 

frequency of the unknown tuned circuit is the same as the resonant 

frequency of the dip-meter's tuned circuit, the unknown tuned circuit 

absorbs energy from the dip-meter circuit. The D'Arsonval meter 

registers the drop and its needle "dips". 


4AD-2.4 What two ways could a dip-meter be used in an amateur 

station? 

A. To measure resonant frequency of antenna traps and to measure 
percentage of modulation 

B. To measure antenna resonance and to measure percentage of 
modulation 

C. To measure antenna resonance and to measure antenna impedance 

a 


tuned circuit resonant frequency 
Mhe"answervis"D. See answer 4AD-2.2. 


4AD-2.5 What types of coupling occur between a dip-meter and a 
tuned circuit being checked? 


A. Resistive and inductive B. Inductive and capacitive: 
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C. Resistive and capacitive D. Strong field 

The answer is'Bs The coupling is primarily inductive. However, 
there may be some capacitive coupling because the coils are close to 
one another and there will be some capacitance between the coils. 


See answer 4AD-2.6. 


4AD-2.6 How tight should the dip-meter be coupled with the tuned 
circuit being checked? 


B. As tightly as possible, for best accuracy 
C. First loose, then tight, for best accuracy 
D. With a soldered jumper wire between the meter and the circuit to 
be checked, for best accuracy 

. The coupling should be as loose as possible. The 
meter coil and the coil of the unknown circuit should be as far away 
as possible, but yet close enough to show a reasonable dip on the 
meter. 


4AD-2.7 What happens in a dip-meter when it is too tightly coupled 
with the tuned circuit being ie Sos 
A. Harmonics are generated , ul . -esults. 
C. Cross modulation occurs D. THEsemaIeaOH aieyee-ticiegh occurs 
The frequency reading will not be accurate. If 
the coils of the meter and the unknown circuit are too close, the 
mutual inductance between the two coils will cause a "change" in the 
value of the unknown coil and give a wrong frequency reading. 


4AD-3.1 What factors limit the accuracy, frequency response, and 
stability of an Sei 


B. Tube fue voltage increments aid Ban critead aA Sites perronit 
C. Sweep oscillator quality and tube face voltage increments 
D. Deflection amplifier output impedance and tube face frequency 
increments 
One of the most important factors in the 
performance limitations of an oscilloscope is the highest frequency 
that it can display. This is known as its bandwidth. 
«Ehe»RISETIME, of an oscilloscope is how fast it is able to respond 
to changes in the input voltage. The accuracy of an oscilloscope is 
largely determined by the linearity of the vertical amplifier stage. 
The stability of an oscilloscope is a function of the stability of the 
time base generator. 


4AD-3.2 What factors limit the accuracy, frequency response, and 
stability of a D'Arsonval movement type meter? 

A. Calibration, coil impedance and meter size 

B. Calibration, series resistance and electromagnet current 

C. Coil impedance, electromagnet voltage and movement mass 


gtheyanswervisyD. The accuracy of most meters is given as 
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a percentage. For example, a meter may be rated as accurate to 
within 2% throughout its entire range, or at certain measurement 
points, such as, 3 at 100 iglohns or 5% at 20 volts, etc. hea,“ 


7 ring i rages. This is ERE ro their low pu resistance. 
High input meeieterice poviese such as Fr Evoltmetonsnalmmaitiomused 


The Peenatice es meters 5 erate in input is limited because of 
the slow se with ee the meter or pA GISPIAY can follow these 
rane | scillos 2 ; te 


: The stability of mbat meters for amateur 


Worle is EAa Ente 


4AD-3.3 What factors limit the accuracy, frequency response, and 

stability of a frequency counter? 

A. Number of digits in the readout, speed of the logic and time base 
Beau LY 


cy Time baas ar carne ecekhicient ¥€ fine logia aad time 

base stability 
D. Number of digits in the readout, external frequency reference and 

tem perature coefficient of the logic 

ne answer is B. The accuracy of a frequency counter depends 

prim iii on singe ne base accuracy. It also depends upon the number 
of digits in the frequency display, the speed with which the counter 
operates and the stability of the time reference base. An error of a 
few Hertz in the time reference base can cause an error of several 
kHz in a frequency measurement. The upper frequency limit of a 
counter is determined by how fast the first counter stage can switch, 
while the lower frequency limit depends upon the period of the time 
reference base. The range of a counter may be extended through the 
use of prescaling circuits ahead of the counter. 


4AD-3.4 How can the frequency response of an oscilloscope be 

improved? 

A. By using a triggered sweep and a crystal preter as the time 
base 

B. By using a crystal oscillator as the time base and increasing the 
vertical sweep rate 

C. By increasing the vertical sweep rate and the horizontal amplifier 
Bee 8! mere oter 


4AD-3.5 How can the accuracy of a frequency counter be improved? 
Ania using slower digital logic 


B. By improving the accuracy of the frequency response 


D. By using faster digital logic 
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‘The answer is C. 


4AD-4.1 What is the condition called which occurs when the signals 
of two transmitters in close proximity mix together in one or both 
of their final amplifiers, and unwanted signals at the sum and 
difference frequencies of the original transmissions are generated? 

A. Amplifier desensitization 

B. Neutralization 

Oi ‘she Rat ee ee 


‘ GiememsiceD. See answer 4AD=4.2. 


4AD-4.2 How does ii rence between two transmit-— 


ters usually occur? 
A. When the signals from the transmitters are reflected out of phase 
from airplanes passing overhead 


C. When they are in close proximity and the signals cause feedback 
in one or both of their final amplifiers 
D. When the signals from the transmitters are reflected in phase 
from airplanes passing overhead 
. It occurs when the two transmitters are near 
each other and operate on frequencies that are close to each other. 
The signal from one transmitter, X, will be picked up in the antenna 
of the other transmitter, Y. The X signal will travel down the Y 
antenna to the final amplifier stage of the Y transmitter. Here, the 
X and Y signals and their harmonics will beat together and produce 
new signals which will be radiated by the Y transmitter antenna and 
cause all sorts of interference. Similar activity could take place in the 
X transmitter. 


4AD-4.3 How can intermodulation interference between two transmit-— 
ters in close proximity often be reduced or eliminated? 
A. By using a Class C final etd with high driving power 


. By pre eediini a pend ~pass ilter in the antenna feed line 
D. By installing a low-pass filter in the antenna feed line 

pfhe answer is\B. Wave traps, tuned to the offending signal, can 
be installed between the transmitter and its antenna. Sega 


NINO 
Or " 


f any is moore: it ETRE be c eaned up. The ee 
to the final amplifier should not be excessive. If possible, operate the 
final transmitter amplifier as a linear amplifier. 


4AD-4.4 What can occur when a non-linear amplifier is used with a 
single-sideband phone transmitter? 
A. Reduced amplifier efficiency B. Increased intelligibility 


C. Sideband inversion ' D. Distortion . 
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‘The answer is D. The use of a non-linear amplifier permits the 
undesired mixing of signals with its consequent generation of 
interfering signals. A linear device does not permit the mixing of 
signals. 


4AD-4.5 How can even-order harmonics be reduced or prevented in 
transmitter amplifier design? 
APR. as a pee ok Raed NS 


C. say operating class C D. By operating class AB 
Pye yerais= mp. A push-pull amplifier cancels out even order 
clea a on ay grid drive in this stage should be low. 


A.A are of — aes awe Seach is set too low 
B. A burst of noise when ths nS ee m is set too seat 


DivA aerate in receiver sensitivity when the AF gain control is 
Baie Nee 


The r is C. It is caused by the overloading of the RF and 
mixer eek qe Fenieranlels high level adjacent channel signals. 


4AD-5.2 What is the term used to refer to the reduction of receiver 
gain caused by the signals of a nearby station fransmipunes in the 
same frequency band? 

B. Quieting 
C. ees5 meculation interference D. Squelch gain rollback 


. see answer 4AD=-5. 1. 


4AD-5.3 What is the term used to refer to a reduction in receiver 
sensitivity caused by unwanted high-level adjacent channel signals? 
A. intesmodulation distortion B. Quieting 

C. Desensitizing D. Overloading 


A. reset: gain adjusted a es’ 
B. sive Bais fags at too ee 


D. mera Bein, Aneta rea re oe 


C. See answer 4AD-5.1/ 


Bi Rice the Pin Seaarten ETE gain 
C. Decrease the receiver squelch gain 
D. Increase the receiver bandwidth 
- However, other ways would be to use circuits 
with greater selectivity and to use wave traps. 
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4AD-6. 1 What is CT Oss modul 


A. Interference between two eae ie of dit ferent modulation type 
B. Interference caused by audio rectification in the receiver preamp 
C. AE “ated of the FE hs ay tuike 


. Receiver cross-modulation results from the 
modulation of the carrier or sideband components of the desired 
signal by sidebands of an adjacent undesired carrier. Receiver cross- 
modulation is caused by poor RF selectivity and poor design of the 
receiver equipment. 


4AD-6.2 What is the term used to refer to the condition where the 
signals from a very strong station are superimposed on other signals 
being received? 

A. Intermodulation distortion 


C. Receiver quieting 
D. Capture effect 


pA aD. 3 How can 


B. Bat Ai a este Bers 
C. By increasing the receiver's RF gain while decreasing the AF gain 
D. By adjusting the pass-band tuning 

(The answer is A. In addition to answer A, other means that can 
be used to reduce cross modulation are: the use of highly selective 
circuits, an RF gain control to reduce the amplitude of incoming 
signals, the use of FET transistors, and proper choice of operating 
voltages. 


4AD-6.4 What is the result of cross-modulation? 


A. A decrease in modulation evel of Feanewitten signals 
B. Receiver quieting 


D. Inverted sidebands in the final stage of the amplifier 

. Cross-modulation results in interference to the 
desired signal, a loss in the signal-to-noise ratio of the receiver, etc. 
Cross-modulation effects occur in TV receivers, as well as communi- 
cations receivers. 


4AD-7.1 What is the capture effect? 
A. All signals on a frequency are demodulated by an FM receiver 
B. All ASAE ona Pet scnne are Se aaa a By an AM receiver 


D. The Te signa Peciver is the ont aemonulsted mere 
If several FM signals are present at the same 
time, on the same frequency, an FM receiver will demodulate only the 
Dea 


strongest signal. This is known as the "capture effect".’ The receiver 
is said to capture the strongest signal hecaZeni it atined the limiter 
stage deeper into saturation so that it cannot respond to the weaker 
signals. 


4AD-7.2 What is the term used to refer to the reception blockage of 
one FM-phone signal by another FM-Phone signal? 

A. poe ME ation B. Cross-modulation interference 
( ure e! D. Frequency discrimination 


The Saegeeusns See answer 4AD-7.1" 


4AD-7.3 With which emission type is the capture-effect most 
pronounced? 
» AEM’ B. SSB C. AM D. CW 
[he answer is A. See answer 4AD-7.1. 


- (10 questions) © 


4AE-1.1 What-is reactive power? 

.A.-Wattless, non-productive power , 

B. Power consumed in wire resistance in an inductor 
C. Power lost because of capacitor leakage 

D. Power consumed in circuit Q 


(@hewarswermisMAy Reactive power is an out...ofesphase, son) 


it, It is the power that is due to the electrical energy 
stored in the electromagnetic and/or electrostatic fields of inductors 
and/or capacitors. Reactive power is distinguished from TRUE power 
by virtue of the fact that TRUE power results from power dissipated 
in a resistance, whereas reactive power is not dissipated or used up, 
but is transferred back and forth between the fields (electromagnetic 
and/or electrostatic). 

Reactive power is expressed in "Volt-Amperes-Reactive" (VAR) and 
is measured with a VAR meter. True power is measured in watts. 
4AE-1.2 What is the term for an out-of-phase, non-productive power 
associated with inductors and capacitors? 


A. Effective power B. True power 
C. Peak envelope power 


@hewanswervis"D¥ See answer 4AE-1.1. 


4AE-1.3 What is the term for,energy that is »stored in an electro~’ 
magnetic) or/electrostatic field? 
A. Potential energy B. Amperes-joules 
C. Joules-coulombs D. Kinetic energy 

. The energy is called potential energy because it 
is capable of doing work. 


4AE-1.4 What is responsible for the phenomenon when voltages across 
reactances in series can often be larger than the voltages applied to 
them? 
A. Capacitance ®Bi)Resonance C. Conductance D. Resistance 
@hewanswersiseBs This occurs because the voltage across the 
reactances are not in phase with each other. An example will make 
this clear. «Figure™4AE=9).4 shows a capacitor, an inductor and a 
resistor in series with each other, across an AC supply. The voltages 
across each component are shown above each component. The 
reactance of each component is shown below each component. Note 
that the 44 volts across the inductor is larger than the 26 volt 
supply. How is this possible? The 44 volts across the inductor is 
correct because the voltage across the inductor is equal to the 
product of the current flowing through it (2A) and its inductive 
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reactance (22 ohms). 2 x 22 = 44. What's more, the arithmetic sum of 
all the voltage drops is 74 volts (20 + 44 + 10 = 74). This is much 
greater than the source voltage. What is going on?! The answer to 
this apparent discrepancy lies in the important fact that the three 
voltages are not in phase with each other and therefore, cannot be 
added by simple arithmetic. As a matter of fact, the voltage across 
the inductor is 180 degrees out of phase with the voltage across the 
capacitor. These two voltages tend to cancel each other. The 
resultant voltage across the two reactances is therefore 44 - 20 or 24 
volts. If we were to add the three voltages vectorially, which is a 
method that takes into account their phases, we would come up with 
the correct total of 26 volts. 


20v 44y IOV 


lOn 22n on 


Fig. 4AE-1.4. R-C-L Series circuit 


4AE-2.1 What is resonance in an electrical circuit? 
A. The highest frequency that will pass current 
B. The lowest frequency that will pass current 


D. The frequency at which the power factor is at a minimum 

«thewanswervis"€. In any AC circuit that contains inductance and 
Capacitance, resonance occurs at a frequency where the inductive 
reactance is equal to the capacitive reactance. If the capacitance and 
inductance are in series, the circuit is called a series resonant 
circuit. If the capacitance and inductance are in parallel, the circuit 
is called a parallel resonant circuit. 

In a series resonant circuit, the impedance is low and the current 
through it is high. In a parallel resonant circuit, the impedance is 
high and the current flowing from the source through the circuit is 
low. 


4AE-2.2 Under what conditions does resonance occur in an electrical 
circuit? 
A. When the powde AR is at a minimum 


C. When the square root of the sum wHlof nn ae ie and inductive 
reactances is equal to the resonant frequency 

D. When the square root of the product of the capacitive and 
inductive reactances is equal to the resonant frequency 


@he answer is”B. See answer 4AE-2.1. 
E-2 


4AE-2.3 What is the term for the phenomena which occurs in an 
electrical circuit when the inductive reactance equals the capacitive 
reactance? 

A. Reactive quiescence B. High Q 

C. Reactive equilibrium 


Thesanswersis"Da See answer 4AE~2.1. 


4AE-2.4 What is the approximate magnitude of the impedance of a 
series (R=L-C"circuit ‘at resonance? 


A. High, as compared to the circuit resistance 


C. Approximately equal to XL D. Approximately equal to XC 

. The impedance of a series resonant circuit is 
very low. It is limited by the resistance in the circuit. The lower the 
resistance, the lower is the impedance. 


4AE-2.5 What is the approximate magnitude of the impedance of a 
parallel R-L-C.circuit at resonance? 


B. Approximately equal to XL 
C. Low, as compared to the circuit resistance 
D. Approximately equal to XC 

i . A parallel resonant circuit exhibits very 
high impedance to the source current. The resistance inside of the 
parallel resonant circuit is normally very low. The answer, AG 
probably assumes that the R in the question is a low value external 
resistance across the parallel resonant circuit. 


4AE-2.6 What is the characteristic of the current flow in a series 
R=L-C Grecuit at resonance? 
A. It is at a minimum 2 is ata maxi 
Grit ts cc D. It is zero 

THe answer is"B. The current flow in a series R-L-Grcircuit at 


resonance is high because its impedance is low. See answer 4AE7204, 


4AE-2.7 What is the characteristic of the current flow in a parallel 
it, at resonance? 
A. The current circulating in the parallel elements is at a minimum 


C. The current circulating in the parallel elements is dc 

D. The current circulating in the parallel elements is zero 
Thesanswer is"B. The current circulating between the coil and 

capacitor is known as the internal circulating current. It is maximum 

in a parallel resonant circuit. However, the current flowing from the 

source to the parallel resonant circuit and back to the source is low 

because the impedance of a parallel resonant circuit is high. 


4AE-3.1 What is the skin effect? 


B. The phenomenon where RF current flows in a thinner layer of the 
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conductor, close to the surface, as frequency decreases 
C. The phenomenon where thermal effects on the surface of the 
conductor increase the impedance 
D. The phenomenon where thermal effects on the surface of the 
Seon decrease the impedance 
e answer is A Skin ae refers Ptecsmgprmere tra 
curre: n or near the surface of a conductor, instead of Towitie 
‘hveueHout er onere cross- ection area of the conductor. The 
result of skin effect is that a given size of wire has a greater 


resistance to AC than it does to DC. The:higher:»the AG@=frequency, 


4AE-3.2 What is the term for the phenomenon where most of an RF 
current flows along the surface of the conductor? 

A. Besos effect B. Seeburg Effect 

ores affe D. Resonance 


. See answer 4AE-3.1i 


4AE-3.3 Where does practically all of the RF current flow in a 
conductor? 


B. In the center of the conductor 
C. In the magnetic field around the conductor 
D. In the electromagnetic field in the conductor center 


vthe-answersiswA™ See answer 4AE-3.1. 


4AE-3.4 Why does practically all of an RF current flow within a few 
thousandths-of-an-inch of the conductor's surface? 


B. Because the RF resistance of the conductor is much less than the 
dc resistance 

C. Because of heating of the metal at the conductor's interior 

D. Because of the ac-resistance of the conductor's self inductance 
(The answer’is’A. The magnetic lines of force that surround a 

conductor originate at the center of the wire. As the current varies 

and changes direction, more lines of force cut the center of the 

conductor than its outer layers. This causes a greater opposition or 

reactance to the current at the center of the wire than at the outer 

layers of the wire. This causes more of the current to flow in the 


outer layers than in the center. See answer 4AE=3.5y 


4AE-3.5 Why is the resistance of a conductor different for RF 
current than for DC? 

A. Because the insulation conducts current at radio frequencies 

B. Because of the Heisenburg Effect 


D. Because conductors are non-linear devices 
When direct current flows through a conductor, 
the magnetic field surrounding the conductor is constant. However, 
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when an alternating current flows through a conductor, the magnetic 
field is constantly changing and reversing direction. This causes the 
magnetic field's lines of force to expand, contract and reverse, there- 
by cutting the conductor and inducing a counter-emf or opposition to 
the original current flow. This opposition is strongest at the center 
of the conductor and increases as. the frequency of the current 


increases. See answers 4AE-3.1 and 4AE-3.4. 


4AE-4.1 What is a magnetic field? 


A. Current flow pious shace around a permanent pened 


es The force eaveen the Biptes of. a Hees cage 

D. The force that drives current through a resistor 
Gee . The ESBor lines of eS ee suymouns a 

magnet is called a "mag C m. § _also s iS. a 


cumnentrearrying conductor. 


4AE-4.2 In what direction is the magnetic field about a conductor 
when current is flowing? 

A.In the same direction as the current 

B. In a direction opposite to the current flow 

Goin: all eT piscine Hone 


The answer is D. ‘The left hand r Lis states: eave hold the lef 


4AE-4.3 What device is used to store electrical energy in an 
electrostatic field? 

A. A battery B. A transformer 

D. An inductor 


an electrostatic field. Tr The asicibia anata tic nates ei force ena 
rom one plate of the capacitor to the other plate. 
4AE-4.4 What is the term used to express the amount of electrical 


energy stored in an electrostatic field? 
A. Coulombs  /[B. Joules / C. Watts D. Volts 


The answer is B.: 


4AE-4.5 What factors determine the capacitance of a capacitor? 
A. Area of the plates, voltage on the plates and distance between the 
plates 


poe ah sre tt React 


C. Area of the plates, voltage on the plates and the dielectric 
constant of the material between the plates 
D. Area of the plates, amount of charge on the plates and the 
dielectric constant of the material between the plates 
E-5 


The answer is B. 


Biisea <0 What is the dielectric constant for air? 
A. Approxi B. Approximately 2 
as basse EN 0 


signed a dielectric constant of one ap and eres fepredenes the 
ace for comparison sai pinee HietectuniG materials. For instance, if 
we substitute mica for air and the capacitance of a capacitor 
increases to six times as much, then we assign a dielectric constant 
of 6 to the mica. 


4AE-4.7 What determines the strength of the magnetic field around a 
conductor? 

A. The resistance divided by the current 

B. The ratio of the current to the resistance 

S. sus SL of Woe epee 


fhe answer is i The strength of a magnetic field around a 
don auaee: is dimen proportional to the amount of current through 
the conductor. 


48s stele: 5.1 What is the resonant frequency of the circuit in Figure 
AE-5-1 when L is 50 microhenrys and C is 40 picofarads? 


A. 79.6 MHz B. 1.78 MHz ).G3%56°MHz D. 7.96 MHz 


4.7K ohms 


[he answe1 44 The formula for finding the frequency of a 
series or eT resonant circuit where the frequency is in kilo- 
Hertz, the inductance is in microhenries, and the capacity is in 
picofarads is: 


108 
2nJVLC 


In order to find the correct answer, we simply substitute the 
given values for L and C in the above formula. 27 is equal to 6.28. 
The resistance value can be ignored. 


f= 


LO; 10° 1,000,000 
f= — —_ = = = «28560 kHz. 
6.28750 X 40 6.28 X 44.72 280.84 


4AE-5.2 What is the resonant frequency of the circuit in Figure 
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4AE-5-1 when L is 40 microhenrys and C is 200 picofarads? 
AP. 99 RAZ ‘B. 1.78 MHz C. 1.99 MHz D. 1.78 kHz 
. We use the same formula and method as in 
answer 4AE-5.1 to solve this problem. 
e 10° _ 1,000,000 
6.28/40 x 200 561.68 


VAaE-5. 3 What is the resonant frequency of the circuit in Figure 

4AE-5-1 when L is 50 microhenrys and C is 10 picofarads? 

A. 3.18 MHz B. 3.18°KHz ia ie nec v2 Dae kHz 
Thewanswersis»C. We use the same formula and method as in 

answer 4AE-5.1 to solve this problem. 


6 
ey pe 8 1 000,000 1-49: kHz. 


6.28 / 50 x 10 140.42 


4AE-5.4 What is the resonant frequency of the circuit in Figure 
4AE-5-1 when L is 25 microhenrys and C is 10 picofarads? 
Z B. 63.7 MHz C. 10.1 kHz D. 63.7 kHz 
We use the same formula and method as in 
answer 4AE-5.1 to solve this problem. 


6 
Bey ee BLO wee UU OU 3 0.074-51 kHz. 


f 
va 6.28 425 x 10 99.29 


VM 4AE-5. 5 What is the resonant frequency of the circuit in Figure 
4AE-5-1 when L is 3 microhenrys and C is 40 picofarads? 
A. 13.1 MHz B. 14.5 MHz C. 14.5 kHz D.alSAR KHZ 
eTH@wanswer “is B. We use the same formula and method as in 
answer 4AE-5.1 to solve this problem. 


6 
» ., ees = —1,000,000 = 14,541.22 kHz. 


6.28 V3 x 40 68.77 


4AE-5.6 What is the resonant frequency of the circuit in Figure 
4AE-5-1 when L is 4 microhenrys and C is 20 picofarads? 


= 1780.37 kHz. 


A. 19.9 kHz Bo17s8 kHz 
C. 19.9 MHz D. 17.8 MHz 
THE” Answer is"D! We use the same formula and method as in 


answer 4AE-5.1 to solve this problem. 


6 
ee pl BLO Ad IEE, 


6.28 / 4 x 20 56.14 


AE-5.7 What is the resonant frequency of the circuit in Figure 
4AE-5-1 when L is 8 microhenrys and C is 7 picofarads? 
A. 2.84 MHz B. 28.4 MHz 


C. 21.3 MHz D. 2.13 MHz 


C. We use the same formula and method as in 
answer 4AE-5.1 to solve this problem. 


10° 1,000,000 


4AE-5.8 What is the resonant frequency of the circuit in Figure 
E=-7 


~~ 


V3 4AE-5- 1 wien L is 3 microhenrys and C is 15 picofarads? 
Po eeeM Bi 23. (aloHz C. 35.4 kHz D. 35.4 MHz 


he answer is A. We use the same formula and method as in 
answer ene 2 1 to solve this problem. 


6 
a EO 2 Ri Ua aye 


6.28V¥3 x15 42.14 


. 4AE-5.9 What is the resonant frequency of the circuit in Figure 
4AE-5-1 when L is 4 SCHR S and C is 8 picofarads? 
A. ae ; sain B. 28.1 M C. 49.7 MHz D. 49.7 kHz 
The answer is B We use the same formula and method as in 
answer r 4AE- 5. 1 to solve this problem. 


6.28 V4 x 8 "35.54 


Wiis 10 What is the resonant frequency of the circuit in Figure 
4AE-5-1 when L is 1 microhenry and C is its picofarads? 
A. 17. ? MHz B. Li. (kHz 53 MHz D. 5321RRne 
1e answer is C. We use the same aba and method as in 
answer 4AE- 3. 1 “ solve this problem. 


6 
Peps ee 08000,000 Te es O78 BGI 


es  6.28V1x9 18.84 
4 : 


AE-5.11 What is the resonant frequency of the circuit in Figure 
4AE5-2 eae L is 1 microhenry and C is 10 picofarads? 
A. 50.3: MHz Be 15.99MHz ©. 15.9¢kHz D. 50.3 kHz 


4.7K ohms 


The s A, The formula for finding the resonant frequency 
of a series resonant circuit is the same as that for a parallel 
resonant circuit. We therefore use the same formula and method as 
we used in the above ten problems. 


oe 6.28 /1 x 10 "19.86 
4 


AE-5.12 What is the resonant frequency of the circuit in Figure 
4AE-5-2 when L is 2 microhenrys and C is 15 picofarads? 
Shee pedmarez _ saciid C. 5.31 MHz D. 5.31 kHz 

1e answer is B. We use the same formula and method as in 
answer 4AE- 5. 11 to solve this problem. 


6 
fie Or ee = 000,000" og velee Klis. 


6.28V2x 15 34.41 
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' 4AE-5.13 What is the resonant frequency of the circuit in Figure 
4AE-5-2 when L is 5 microhenrys and CA is fe picofarads? 
A. 23.7 kHz 2B. 3.54 kHz OP237E2MF D. 3.54 MHz 
# Wes use the same formula and method as in 
answer 4AE-5.11 to solve this problem. 


6 
= ie — _ 1,000,000 — 93 730.42 kHz. 


Se 6.28/5 x9 42.14 

4AE-5.14 What is the resonant frequency of the circuit in Figure 
4AE-5-2 when L is 2 microhenrys and C is 30 i BEG 

A. 2.65 kHz B- 20.5 kHz C. 2.65 MHz 20.5 MHz. 


f= J. = ——_ = 20,546.54 kHz. 
sae 6.28/42 x 30 “48.67 


4AE-5.15 What is the resonant frequency of the circuit in Figure 
4AE-5-2 when L is 15 microhenrys and C is 5 picofarads? 
oncom B. 2.12 MHz C. 18.4 kHz DPete kHz 


nswer is. A. We use the same formula and method as in 
answer 4AE- st 11 to solve this problem. 


6 
a = 254,000,000  _ 18 389 AkHz: 


is 6.28/15 x 5 54.38 
- 4AE-5.16 What is the resonant frequency of the circuit in Figure 


4AE-5-2 when L is 3 ame and C is 40 picofarads? 
B. 14.5 MI C. 1.33 MHz D. 14.5 kHz 


6.28 73 x 40 68.77 


4AE-5.17 What is the resonant frequency of the circuit in Figure 
4AE-5-2 when L is 40 sarpehese ba uid % is 6 picofarads? 
A. 6.63 MHz _B. 6.63 kHz C. 10.3 MHz D. 10.3 kHz 

We use the same fornuls and method as in 
answer 4AE-5.11 to solve this problem. 


flee pee A re OSs 0,279, Gale 


4AE-5.18 What is the resonant frequency of the circuit in Figure 
4AE-5-2 when L is 10 microhenrys and C is 50 picofarads? 
A. 3.18 MHz B. 3.18 kHz 
Cri.i2°kHz D. 7.12 MHz 

‘Thewanswer is Ds We use the same formula and method as in 
answer 4AE-5.11 to solve this problem. 


6 


6.28410 x 50 140.42 


4AE-5.19 What is the resonant frequency of the circuit in Figure 
B-9 


~~ 


4AE-5-2 when L is 200 ee and C is 10 picofarads? 
ego | Beat. 90ekiz sabbekHz D. 7.96 MHz 
T wer is A. We use sae same formula and method as in 
answer i 5. iL). to solve this problem. 


10° 1,000,000 
= SF OO = 8,560.75 kHz. 
6.28 #200 x 10 280.84 


4AE-5.20 What is the resonant frequency of the circuit in Figure 
4AE-5-2 when L is arty ‘ag gid and C is 100 picofarads? 
Aa a MHz 68 MHz Gatlfl (kHz D. 1.68 kHz 

he answer is B. We use the same formula and method as in 
answer 4AE- 5. 1 to solve this problem. 


\ _ yal0*  -algyooo00 
6.28 90 x 100 595.78 


4AE-5.21 What is the half-power bandwidth of a parallel resonant 
circuit which has a resonant frequency of 1.8 MHz and a Q of 95? 
Agahs pall Bw 892kHz Gayl S9ptz Di! 58k Ete 

The answer isyA. The half power bandwidth of a parallel or series 
resonant circuit is found by using the following formula: 


= 1,678.47 kHz. 


i where: Af is the half power bandwidth. 
Af = fr is the resonant frequency 
Q Q is the Q of the circuit 


In order to find the bandwidth, we simply substitute the given 
values and solve the equation. 


Af = al = 0.018947 MHz = 48:947kHz 
4AE-5.22 What is the half-power bandwidth of a parallel resonant 
circuit which has a resonant frequency of 3.6 MHz and a Q of 218? 
A. 58.7 kHz —-B, 606 kHz C. 47.3 kHz ofp ee 7 
D. We use the same formula and method given in 
answer 4AE-5.21 to solve this problem. 


3.6 MH 
Af = ———_— = 016514 MHz or 16.514 kHz 


4AE-5.23 What is the half-power bandwidth of a parallel resonant 
circuit which has a resonant frequency of 7.1 MHz and a Q of 150? 


A. 211 kHz B. 16.5 kHz G@umbieauicktionwg® §€6D. 21.1 kHz 
*The answer»is»Ge’ We use the same formula and method given in 


answer 4AE-5.21 to solve this problem. 


7.1 MHz 
4AE-5.24 What is the half-power bandwidth of a parallel resonant 
circuit which has a resonant frequency of 12.8 MHz and a Q of 218? 
Alaa, lake Bapaeo kHz eel Malekiz &Da BAekHe 
We use the same formula and method given in 
answer 4AE-5.21 to solve this problem. 
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12.8 MHz 
Af = peat Tacka = .058716 MHz or 58.716 kHz 


4AE-5.25 What is the half-power bandwidth of a parallel resonant 
circuit which has a resonant frequency of 14.25 MHz and a Q of 150? 
A. 95 kHz; Bayl0e5 kHz C. 10.5 MHz D.uli(ckHz 

We use the same formula and method given in 
answer 4AE-5.21 to solve this problem. 

_ i4. 25 MHz 


150 


4AE-5.26 What is the half-power bandwidth of a parallel resonant 
circuit which has a resonant frequency of 21.15 MHz and a Q of 95? 
A. 4.49 kHz B. 44.9 kHz @. 42.3 kHz BDM22256"RHz 

We use the same formula and method given in 
answer 4AE-5.21 to solve this problem. 


_ 21.15 MHz 
a 95 


4AE-5.27 What is the half-power bandwidth of a parallel resonant 
circuit which has a Ee eonant Seeuency of 10.1 MHz and a Q of 225? 
A. 4.49 kHz B. 44.9 kHz Cs 22.3,knHz Die25 kHz 

‘The answer is B. nee use the same formula and method given in 
answer 4AE-5.21 to solve this problem. 

10.1 MHz 
Af = rrgye = .044889 MHz or 44.889 kHz 

4AE-5.28 What is the half-power bandwidth of a parallel resonant 
circuit which has a resonant frequency of 18.1 MHz and a Q of 195? 
A. 92.8 kHz Bp Us Ou teriz, Oras) 1 dubs D. 44.9 kHz 

‘The answeris A. We use the same formula and method given in 
answer 4AE-5.21 to solve this problem. 


18.1MHz 


Atian a y9p = 092821 MHz or 92.821 kHz 


4AE-5.29 What is the half-power bandwidth of a parallel resonant 
circuit which has a resonant frequency of 3.7 MHz and a Q of 118? 
Aten KHZ B. 76.2 kHz 
C. 31.4 kHz D. 10.8 kHz 
We use the same formula and method given in 
answer 4AE-5.21 to solve this problem. 
3.7 MHz 
Af = - = .031356 MHz or 31.356 kHz 
, 118 
4AE-5.30 What is the half-power bandwidth of a parallel resonant 
circuit which has a resonant frequency of 14.25 MHz and a Q of 187? 
A. 22.3 kHz B. 10.8 kHz 
Selo Ke —D. 76.2 kHz 
eTheanswer is D/ We use the same formula and method given in 
answer 4AE-5.21 to solve this problem. 
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= .095 MHz or 95 kHz 


= .222632 MHz or 222.632 kHz 


_ 14.25 MHz 
= 187 


4AE-5.31 What is the Q of the circuit in Figure 4AE-5-3 when the 
resonant frequency is 14.128 MHz, the inductance is 2.7 microhenrys 
and the resistance is 18,000 ohms? 

APRS AY Be (65 Comil . Siek D.0030138 


Af = .076203 MHz or 76.203 kHz 


Figure 4AE-5-3 
(Refer to questions 4AE-5.31 through 4AE-5.40) 


“Thevanswer is’A. The Q of a parallel circuit that is loaded down 
by a resistance R, as shown in Figure 4AE-5.3, is found by using the 
following formula: 


Or R where: R is the resistance in ohms ' 
ip XL is the inductive reactance in ohms 


XC may be used in place of XL because, at resonance, XC is equal 
to XL. We must find XL since it is not given in the problem. This is 
found by using the following formula: 


XZ, = 2n fL where: 2n = 6.28 
f = frequency in Hertz 
L = inductance in henries 


In order to use the formula for this problem, we change the 
frequency from Megahertz to Hertz by moving the decimal point six 
places to the right. We must also change microhenrys to Henrys by 
moving the decimal point six places to the left. 

14.128 MHz = 14,128,000 Hz. 
2.7 microhenries = .0000027 H. 
We then substitute in the equation and solve for XL 


XL, = 6.28 X 14,128,000 X .0000027 = 239.55 ohms 
We then substitute for R and Xj, to find Q. 
18,000 , 
@ 239.55 
4AE-5.32 What is the Q of the circuit in Figure 4AE-5-3 when the 
resonant frequency is 14.128 MHz, the inductance is 4.7 microhenrys 
and the resistance is 18,000 ohms? 
A. 4.31 _Ber4 Bebo: 
OR ses D. 0.023 
(Thesanswer'is B. We solve this problem by using the same methods 
as in the answer to 4AE-5,31. 
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XL = 6.28 X 14,128,000 X .0000047 = 417 ohms 


Q = 18,000 ge 
iG ee 


4AE-5.33 What is the Q of the circuit in Figure 4AE-5-3 when the 
resonant frequency is 4.468 MHz, the inductance is 47 microhenrys 
and the resistance is 180 ohms? 

A. 0.00735 Baio Ge Dekh, DEN ai: 


ee rar een We solve this problem by using the same 
methods as in the answer to 4AE-5.31. 


XL = 6.28 X 4,468,000 X .000047= 1318.77 ohms 


Ou wae OU i Se = .136 
1318.77 

4AE-5.34 What is the Q of the circuit in Figure 4AE-5-3 when the 
resonant frequency is 14.225 MHz, the inductance is 3.5 microhenrys 
and the resistance is 10,000 ohms? 
ASTI35 BY 0.0319 Cals DY FF 

Thewansweris@D. We solve this problem by using the same 
methods as in the answer to 4AE-5.31. 


XL = 6.28 X 14,225,000 X .0000035 = 312.67 ohms 


pyaar 0,000 "| 2 tsi98 


312.67 


4AE-5.35 What is the Q of the circuit in Figure 4AE-5-3 when the 

resonant frequency is 7.125 MHz, the inductance is 8.2 microhenrys 

and the resistance is 1,000 ohms? 

A. 36.8 Bt. 0273 C. 0.368 DZS 
Themansweris™D. We solve this problem by using the same 

methods as in the answer to 4AE-5.31l. 


XL = 6.28 X 7,125,000 X .0000082 = 366.91 ohms 


ee sr ith 1000 valtapand 
366 Sona Ae 


4AE-5.36 What is the Q of the circuit in Figure 4AE-5-3 when the 
resonant frequency is 7.125 MHz, the inductance is 10.1 microhenrys 
and the resistance is 100 ohms? 
As Ov221- B. 4.52 C. 0.00452 Diecast 

. We solve this problem by using the same 
methods as in the answer to 4AE-5.31. 


XL = 6.28 X 7,125,000 X .0000101 = 451.92 ohms 
100 
OS iqapne shite 
4AE-5.37 What is the Q of the circuit in Figure 4AE-5-3 when the 
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resonant frequency is 7.125 MHz, the inductance is 12.6 microhenrys 
and the resistance is 22,000 ohms? 
hy ea ac ad C. 25.6 D. 0.0256 

the answer is B. We solve this problem by using the same methods 
as in the answer to 4AE-5.31. 


XL = 6.28 X 7,125,000 X .0000126 = 563.79 ohms 
22,000 


Q= 7563-79 7) 89.02 


4AE-5.38 What is the Q of the circuit in Figure 4AE-5-3 when the 
resonant frequency is 3.625 MHz, the inductance is 3 microhenrys and 
the resistance is 2,200 ohms? 
A. 0.031 HES BE? Ori). D2oq0 

ihe answer is B: We solve this problem by using the same methods 
as in the answer to 4AE-5.31. 


XL, = 6.28 X 3,625,000 X .000003 = 68.295 ohms 
2200 


Q= e295. = 3221 


4AE-5.39 What is the Q of the circuit in F igure 4AE-5-3 when the 
resonant frequency is 3.625 MHz, the inductance is 42 microhenrys 
and the resistance is 220 ohms? 
AwreS B. 0.00435 C. 4.35 &DS0. 23 

the answer is D. We solve this problem by using the same 
ods as in the answer to 4AE-5.31. 


meth 


XL = 6.28 X 3,625,000 X .000042 = 956.13 ohms 


220 
Qi Q5GgY meee 


4AE-5.40 What is the Q of the circuit in Figure 4AE-5-3 when the 
resonant frequency is 3.625 MHz, the inductance is 43 microhenrys 
and the resistance is 1,800 ohms? 

~AY1.84" B. 0.543 C. 54.3 IB 


ine answer is A. We solve this problem by using the same 
methods as in the answer to 4AE-5,31. 


>\ 


XL = 6.28 X 3,625,000 X .000043 = 978.90 ohms 


ae 1800 wy fase 
Ce “OTR GOR 


4AE-6.1 What is the phase angle between the voltage across and the 
current through the circuit in Figure 4AE-6, when Xc is 25 ohms, R 
is 100 ohms, and X1 is 100 ohms? 


53.1 degrees with the voltage lagging the current 

C. 36.9 degrees with the voltage lagging the current 

D. 53.1 degrees with the voltage leading the current 
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XC R XL 


(Refer to questions 4AE-6.1 through 4AE-6.10) 


. To find the phase angle of the current with 
reference to the voltage in a series R-L-C circuit, we use the 
following formula: 


bw Wy where: X is the reactance in the circuit 
Tan @ = — > 
R Tan is Tangent 
@ is the phase angle 


Since Xl and Xc oppose each other, we subtract one from the 
other to find the resultant reactance, X. If Xl is greater than Xc, 
the reactance is inductive and the current lags the voltage. If Xc is 
greater than Xl, the reactance is capacitive and the current leads the 
voltage. 

In the above problem, X is equal to 100 - 25 = 75, Therefore: 


75 
100 


Tan @ = 


= .15 


elfeweslook"in’ the trigonometry*table, we find that the tangent of 
37 degrees is .75. Therefore ie ities angle is 37 degrees. Since the 
resultant reactance is inductive, the current lags the voltage (this is 
the same as saying the voltage leads the current). 


4AE-6.2 What is the phase angle between the voltage across and the 
current through the circuit in Figure 4AE-6, when Xc is 25 ohms, R 
is 100 ohms, and XI is 50 ohms? 

14 Eerees ma ADs a lagging oe current 


is 
A. 
C. 76 Fearecs with the fiTtaee fe otis the atrent 
D. 76 degrees with the voltage leading the current 
. We use the same method that was used in the 
answer to 4AE-6.1. 


Heh Gre $5072 55 AG 


From the trigonometry table, we can see that the tangent of 14 
degrees is .25. Therefore, the phase angle is 14 degrees. Since the 
resultant reactance is inductive, the voltage leads the current. 


4AE-6.3 What is the phase angle between the voltage across and the 
current through the circuit in Figure 4AE-6, when Xc is 500 ohms, R 
is 1000 ohms, and XI is 250 ohms? 
A. 68.2 degrees with the voltage leading the current 

E-15 


B. 14. 1 a with ete Ss isa the current 


. We use the same method that was used in the 


answer ait “4AE- 6. be . 


500-250 _ 250 _ op 
1000 1000 ~ ° 


dang. — 


‘rom the trigonor Y le,/ we can see that the tangent of 14 
Bae is 2h, TReretoe the phase angle is 14 degrees. Since the 
resultant reactance is capacitive, the voltage lags the current. 


4AE-6.4 What is the phase angle between the voltage across and the 
current through the circuit in Figure 4AE-6, when Xc is 75 ohms, R 
is 100 ohms, and XI is 100 ohms? 

a ue wane ie Be aoe Cae the cunt 


C. 14 eee ett ne eet ies ree eet 
Dy. ip 2 EO ER Se with the voltage lagging the current 
The wer is B. We use the same method that was used in the 


answer of 4AR- 6. ih 


25 100 15 D250 ee 
Tan @ 5100 uae 00 Zo 


tronmthes,tri netry table, we can see that the tangent of 14 
heeeeaeg is 25 Theirs the phase angle is 14 degrees. Since the 
resultant reactance is inductive, the voltage leads the current. 


4AE-6.5 What is the phase angle between the voltage across and the 
current through the circuit in Figure 4AE-6, when Xc is 50 ohms, R 
is 100 ohms, and XI is 25 ohms? 

A. 76 degrees with the voltage lagging the current 
B. 14 degrees with the voltage leading the current 
oe tts ae at aus apie: bia pe CUnreUE 


m the trigonom le; we can see that the tangent of 14 
Aeereee is 25. Therefore: the phase angle is 14 degrees. Since the 
resultant reactance is capacitive, the voltage lags the current. 


4AE-6.6 What is the phase angle between the voltage across and the 
current through the circuit in Figure 4AE-6, when Xc is 75 ohms, R 
is 100 ohms, and XI is 50 ohms? 

os hs Geeta ss pede the RSS: aging the current 


C1 14 desvese with the ee eae ne current 
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D. (> degrees with the voltage leading the current 
We use the same method that was used in the 
answer to 4AE-6.1. 
715. bO0 e625 
100 100 


Tan @ = 


= .25 


trrigonon table, we can see that the tangent of 14 
degrees is .25. Therefore. the phase angle is 14 degrees. Since the 
resultant reactance is capacitive, the voltage lags the current. 


4AE-6.7 What is the phase angle between the voltage across and the 
current through the circuit in Figure 4AE-6, when Xc is 100 ohms, R 
is 100 ons. Bete Xt is 15 ae 


B. 14 pore gee. wit the » Peta fee ing the uae atte 
C. 76 degrees with the voltage leading the current 
OM 76 BeeTecs with the voltage lagging the current 


. We use the same method that was used in the 


answer a 4AE- 6! ls 


100 — 75 2D tye 43 
Tan 6 Peake — 100 = .25 


he'trigonometry table; we can see that the tangent of 14 
ieee is as Therefore’ the phase angle is 14 degrees. Since the 
resultant reactance is capacitive, the voltage lags the current. 


4AE-6.8 What is the phase angle between the voltage across and the 
current through the circuit in Figure 4AE-6, when Xc is 250 ohms, R 
is 1000 ohms, and XI is 500 ohms? 

A. 81.47 degrees with the voltage lagging the current 

B. 81.47 degrees with the voltage leading the current 

C. hs eo ied the pai aBEing a current 


he answer ae D. We race ‘He same eiBe mae was used in the 
answer to BARE 6:1. 
500 — 250 250 


Tan = 7900 = 1000 = .25 


m= the trigonometry table,-we can see that the tangent of 14 
deweces is 25. Therefdre, aie phase angle is 14 degrees. Since the 
resultant reactance is inductive, the voltage leads the current. 


4AE-6.9 What is the phase angle between the voltage across and the 
current through the circuit in Figure 4AE-6, when Xc is 50 ohms, R 
is 100 ohms, and XI is 75 ohms? 

A. 76 degrees with the voltage leading the current 

B. 76 degrees with the voltage lagging the current 

C. 14 Bee rese with Mae nolises lagging the current 


PT) 


THOTCRADP Ae use “{hERBATHS method that was used in the 
| as 


answer to 4AE-6.1. 


sat if Lit Lh pt al Tor taht 


Tan @ 100) 100° 


“From the trigonometry table, we can see that the tangent of 14 
degrees is .25, Therefore, the phase angle is 14 degrees. Since the 
resultant reactance is inductive, the voltage leads the current. 


4AE-6.10 What is the phase angle between the voltage across and the 

current through the circuit in Figure 4AE-6, when Xc is 100 ohms, R 

is 100 ohms, and XI is 25 ohms? 

A. 36.9 degrees with the voltage leading the current 

oe 53. 1 wae with the voltage ageing tee current 

D. 53. f ene with the voltage etic ee eat 
‘The answer is C. We use the same method that was used in the 

answer to 4AE-6.1. 


Tan @ = ———* = —— =.75 


From the trigonometry table, we see that the tangent of 37 
degrees is .75. Therefore, the phase angle is 37 degrees. Since the 
resultant reactance is capacitive, the voltage lags the current. 


4AE-7.1 Why would the rate at which electrical energy is used in a 
circuit be less than the product of the magnitudes of the ac voltage 
and current 


B. Because there are only resistances in the circuit 
C. Because there are no reactances in the circuit 
D. Because there is a phase angle that is equal to zero between the 
current and voltage 

~Lhewansweris~A. In an AC circuit containing only resistive 
components, the true power IS the product of the voltage and the 
current. In an AC circuit containing capacitors and/or inductors, the 
true power is less than the product of the voltage and the current. 
This is because the voltage is out of phase with the current in an 
inductive and/or capacitive circuit. The voltage and current don't act 
together and the true power is less than the power would be in a 
resistive circuit. 


4AE-7.2 In a circuit where the ac voltage and current are out of 
Degas. now can ioe true tr Bg yidetenmined: 


B. By aiperactiney the array eatin on ae power . facta 
C. By dividing the apparent power by the power factor 
D. By multiplying the RMS voltage times the RMS current 
“The answer is A. The true power can be found by multiplying the 
product of the voltage and current by the POWER FACTOR. The 
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power factor is equal to the resistance divided by the impedance. 


4AE-7.3 What does the power factor equal in an R-L circuit having a 

60 degree phase angle between the voltage and the current? 

A. 1.414 B. 0.866 soma” D473 
(THe"answer is C. In addition to the discussion in answer 4AE-7.2, 

the power factor is also equal to the cosine of the angle between the 

voltage and current. The cosine of 60 degrees, according to the 

trigonometry table, is .5. Therefore, the power factor is .5. 


4AE-7.4 What does the power factor equal in an R-L circuit having a 
45 degree phase angle between the voltage and the current? 
A. 0.866 Byel.v Gn0.5 eb O1707™ 


Whevranswer'is D. See answer 4AE-7.3. The power factor, which is 
equal to the cosine of 45 degrees, is .707. 


4AE-7.5 What does the power factor equal in an R-L circuit having a 
30 degree phase angle between the voltage and the current? 
Axel sts Batti ~C. 0.866 + DiO0 Loar, 

See answer 7AE-7.3. The power factor, which is 
equal to the cosine of 30 degrees, is .866. 


4AE-7.6 How many watts are being consumed in a circuit having a 
power factor of 0.2 when the input.is 100-vac and 4-amperes is being 
drawn? 
A. 400 watts 30 watt C. 2000 watts D. 50 watts 

The actual power being consumed, or TRUE 
POWER, is equal to the product of the voltage, the current, and the 


power factor. We can state this in formula form. 


True Power =ExIx PF where: E is voltage in volts mmm 
I is current in amperes —a=uiGm: 
PF is power factor gaa 

We now substitute the given values to arrive at the true power: 


4AE-7.7 How many watts are being consumed in a circuit having a 

power factor of 0.6 when the input is 200-vac and 5-amperes is being 

drawn? 

A. 200 watts B. 1000 watts C.1600 watts D. 600 watts 
eThevanswer is D. See answer 4AE-7.6. 


True power = 200 x 5 x .6 = 600 watts 


4AE-8.1 What is the effective radiated power of a station in repeater 
operation with 50 watts transmitter power output, 4 dB feedline loss, 
3 dB duplexer and circulator loss, and 6 dB antenna gain? 
A. 158 watts, assuming the antenna gain is referenced to a half-wave 
dipole 
Bal? 


wand? — assuming the antenna gain is referenced to a half-wave 


C. 251 BeEAS assuming the antenna gain is referenced to a half-wave 
dipole 

D. 69.9 watts, assuming the antenna gain is referenced to a half-wave 
anole 


i ne ep Ive ha liated Power (ERP) is equal to 
the power at ings input of We 2 pecs multiplied by the gain of the 
‘antenna. If we know the total dB power loss or gain of the entire 
transmission/antenna system, and if we know the transmitter power 
output, it is a simple matter to find the ERP. 

‘First; we find the /total” gain or loss. The transmission line and 
associated equipment losses are 4 + 3 = 7 dB. The antenna gain is 6 
dB. We therefore have a total net loss of 1 dB. We then insert the 
known values into the dB power formula and solve for the unknown 
value (ERP). 


Transmitter power output 
Effective radiated power 


50 watts 


dB loss = 10 log ERP 


»1 dB = 10 log 


.1 = log aap. The logarithm table tells us that .1 is the log of 1.26. 


50 
Therefore, ERP = 1.26. Solving the equation gives us 39.7 watts for 
the Effective Radiated Power. 


4AE-8.2 What is the effective radiated power of a station in repeater 

operation with 50 watts transmitter power output, 5 dB feedline loss, 

4 dB duplexer and circulator loss, and 7 dB antenna gain? 

A. 300 watts, assuming the antenna gain is referenced to a half-wave 
dipole 

B. 315 watts, assuming the antenna gain is referenced to a half-wave 
dipole 


D. 69.9 watts, assuming the antenna gain is referenced to a half-wave 
dipole 
‘The answer is,C. This problem is solved by using the same method 
and formula as in answer 4AE-8.1. The total losses are 9 dB and the 
antenna gain is 7 dB, giving us a net loss of 2 dB. 


» 2 = log —0_, .2 is the log of 1.585. 


2 dBidsai 108 . 
os na apa ERP 


Therefore, aap = 1.585, ERP = 31.5 watts. 


4AE-8.3 What is the effective radiated power of a station in repeater 
operation with 75 watts transmitter power output, 4 dB feedline loss, 
3 dB duplexer and circulator loss, and 10 dB antenna gain? 
A. 600 watts, assuming the antenna gain is referenced to a half-wave 
dipole 
E-20 


B. 75 watts, assuming the antenna gain is referenced to a half-wave 
dipole | 
C. 18.75 watts, assuming the antenna gain is referenced to a 

half-wave dipole 


dipole 
Thesansweris,D. This problem is solved by using a similar method 
and formula as in answer 4AE-8.1. The total losses are 7 dB and the 
antenna gain is 10 dB, giving us a net gain of 3 dB. Because there is 
a gain, the ERP will be larger than the transmitter power output. The 
ERP is therefore put in the numerator of the formula. 
ERP 


3 dB gain = 10 log naP » o= LOE a » .3 is the log of 1.995. 


Therefore, = 1.995, ERP = 150 watts. 


4AE-8.4 What is the effective radiated power of a station in repeater 
operation with 75 watts transmitter power output, 5 dB feedline loss, 
4 dB duplexer and circulator loss, and 6 dB antenna gain? 


11n1 1 


my 17 rs 
ATLI ALLY 


. 237 watts, assuming the antenna gain is referenced to a half-wave 
dipole 

C. 150 watts, assuming the antenna gain is referenced to a half-wave 
dipole 

D. 23.7 watts, assuming the antenna gain is referenced to a half-wave 
dipole 
The"answer is A. This problem is solved by using the same method 

and formula as in answer 4AE-8.1. The total losses are 9 dB and the 

antenna gain is 6 dB, giving us a net loss of 3 dB. 


75 
ERP 


75 
ERP 


3 dB loss = 10 log » 3 = log » 8 is the log of 1.995. 


Therefore, 1.995 = oop ERP = 37.6 watts. 


4AE-8.5 What is the effective radiated power of a station in repeater 

operation with 100 watts transmitter power output, 4 dB feedline loss, 

3 dB duplexer and circulator loss, and 7 dB antenna gain? 

A. 631 watts, assuming the antenna gain is referenced to a half-wave 
dipole 

B. 400 watts, assuming the antenna gain is referenced to a half-wave 
dipole 

C. 25 watts, assuming the antenna gain is referenced to a half-wave 


Dhevanswer is"D» The total losses are 7 dB and the antenna gain 
is 7 dB, giving us a net loss/gain of 0. The ERP is therefore the 
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same as transmitter output power or 100 watts. 


4AE-8.6 What is the effective radiated power of a station in repeater 
operation with 100 watts transmitter power output, 5 dB feedline loss, 
4 dB duplexer and circulator loss, and 10 dB antenna gain? 

A. 800 watts, assuming the antenna gain is referenced to a half-wave 


C. 12.5 watts, assuming the antenna gain is referenced to a half-wave 
dipole 
D. 1260 watts, assuming the antenna gain is referenced to a 
half-wave dipole 
The ans ‘is B. This problem is solved by using the same method 
and formula as in answer 4AE-8.3. The total losses are 9 dB and the 
antenna gain is 10 dB, giving us a net gain of 1 dB. 


ane ae log ane » .1 is the log of 1.26. 


ey 
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1 dB gain = 10 log 


P 
Therefore, 1.26 = a ERP = 126 watts. 


4AE-8.7 What is the effective radiated power of a station in repeater 

operation with 120 watts transmitter power output, 5 dB feedline loss, 

4 dB duplexer and circulator loss, and 6 dB antenna gain? 

A. 601 watts, assuming the antenna gain is referenced to a half-wave 
dipole 

B. 240 watts, assuming the antenna gain is referenced to a half-wave 

dipole 


—~Wave 


D. 379 watts, assuming the antenna gain is referenced to a half-wave 
dipole 


“Phevansweris,G. This problem is solved by using the same method 
and formula as in answer 4AE-8.1. The total losses are 9 dB and the 


antenna gain is 6 dB, giving us a net loss of 3 dB. 


120 120 
, P = ’ 5 h ] Ete ° 
ERP 3 = log ERP 3 is the log of 1.995 


12 
Therefore, 1.995 = ERP’ ERP = 60 watts. 


3 dB loss = 10 log 


4AE-8.8 What is the effective radiated power of a station in repeater 

operation with 150 watts transmitter power output, 4 dB feedline loss, 

3 dB duplexer and circulator loss, and 7 dB antenna gain? 

A. 946 watts, assuming the antenna gain is referenced to a half-wave 
dipole 

B. 37.5 watts, assuming the antenna gain is referenced to a half-wave 
dipole 

C. 600 watts, assuming the antenna gain is referenced to a half-wave 
dipole 
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. The total losses are 7 dB and the antenna gain 
is 7 dB, giving us a net loss/gain of 0. The ERP is therefore the 
same as the transmitter output power, or 150 watts. 


4AE-8.9 What is the effective radiated power of a station in repeater 
operation with 200 watts transmitter power output, 4 dB feedline loss, 
4 dB duplexer and circulator loss, and 10 dB antenna gain? 


B. 2000 watts, assuming the antenna gain is referenced to a 
half-wave dipole 

C. 126 watts, assuming the antenna gain is referenced to a half-wave 
dipole 

D. 260 watts, assuming the antenna gain is referenced to a half-wave 
dipole 
»Dhesansweriis’A. This problem is solved by using the same method 

and formula as in answer 4AE-8.3. The total losses are 8 dB and the 

antenna gain is 10 dB, giving us a net gain of 2 dB. 


ERP ERP 
2 dB = 10 log —— >» 2=1 ye 585. 
gain = 10 log 300 2 08 S00 2 is the log of 1.585 
ERP 


Therefore, 1.585 = 200" ERP = 317 watts. 


4AE-8.10 What is the effective radiated power of a station in 

repeater operation with 200 watts transmitter power output, 4 dB 

feedline loss, 3 dB duplexer and circulator loss, and 6 dB antenna 

gain? 

A. 252 watts, assuming the antenna gain is referenced to a half-wave 
dipole 

B. 63.2 watts, assuming the antenna gain is referenced to a half-wave 
dipole 

C. 632 watts, assuming the antenna gain is referenced to a half-wave 

dipole 


_ dipole 

. This problem is solved by using the same method 
and formula as in answer 4AE-8.1. The total losses are 7 dB and the 
antenna gain is 6 dB, giving us a net loss of 1 dB. 
200 200 


ERP ’ Ss = log RP » .1is the log of 1.26. 


Therefore, 1.26 = a » ERP = 159 watts. 


1 dB loss = 10 log. 


4AE-9.1 In Figure 4AE-9, what values of V2 and R3 result in the 
same voltage and current characteristics as when V1 is 8-volts, Rl is 
8 kilohms, and R2 is_ 8 kilohms? 
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C. R3 = 16 kilohms and V2 = 8 volts 
D. R3 = 16 kilohms and V2 = 4 volts 


ct 
R3 
R1 
V1 


R2 


Figure 4AE-9 
(Refer to questions 4AE-9.1 through 4AE-9.10) 


ihe answer is Bi In order to solve this problem, we use Thev- 
enin's Theorem. Thevenin's Theorem states that a real voltage source 
and any number of resistors may be reduced to an ideal voltage 
source and one series resistor. This is a convenient tool for solving 
complex circuit problems. Looking at Figure 4AE-9 from the load 
terminals, + and -, the two resistors, Rl and R2, forming the voltage 
divider, are in parallel. We consider them in parallel because we can 
ignore the battery and consider it a short from a "resistance point of 
view". The top of Rl is therefore connected to the bottom of R2, 
putting the two resistors in parallel. The equivilent series resistance 
of Thevenin's Theorem is found by using the formula for determining 
the total resistance of two resistors in parallel. 


___RIXR2 _ 8,000 X 8,000 64,000,000 _ 
RS = —Ri+ R2 — 8,000 + 8.000 =~ 16,000 = 4:000 ohms. 


V2 of Figure B is the equivilent voltage of the voltage across R2 
of Figure A. This is found by using a formula for determining the 
voltage in a voltage divider circuit. 


a i Raper 8,000 Ps a 


Note that when R1 is equal to R2, V2 is simply one half of Vl. 


4AE-9.2 In Figure 4AE-9, what values of V2 and R3 result in the 
same voltage and current characteristics as when V1 is 8-volts, Rl is 
16 kilohms, and R2 is 8 kilohms? 

A. R3 = 24 kilohms and V2 = 5.33 volts 

B. R3 = 5.33 kilohms and V2 = 8 volts 


he: R3 = 24 nel oni saencs V2 = 8 volts 
“The»answer is'€. We use the same method and formula as we used 
in answer 4AE-9.1 to solve this problem. 


_ _ 16,000 X 8,000 _ 128,000,000 _ 
nS | = 16,0001478,000! = aac OnO Bae areas 
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8,000 
V2=8 X 16,000 + 8,000 ~ 8 X .333 = 2.67 V. 
4AE-9.3 In Figure 4AE-9, what values of V2 and R3 result in the 
same voltage and current characteristics as when V1 is 8-volts, Rl is 
8 kilohms, and R2 is 16 kilohms? 
A. R3 = 24 kilohms and V2 = 8 volts 
Be KS 8 Sey Huet MAES: = 4 volts 


5.33 kilohms andoVeee & volts! 
. We use the same method and formula as we used 
in answer 4AE-9.1 fs solve this problem. 


FE § 


8,000 X 16,000 128,000,000 


R3 = —3 000 + 16,000 ~~ 24,000 > 07393 ohms. 
je 16,000. Seeeui 16.551 
V2—8X 5000 +.16000.. °° 94.. o2 oY 


4AE-9.4 In Figure 4AE-9, what values of V2 and R3 result in the 
same voltage and current characteristics as when V1 is 10-volts, Rl 
is 10 kilohms, and R2 is 10 kilohms? 


A. R3 = 10 kilohms and V2 = 5 volts 
B. R3 = 20 kilohms and V2 = 5 volts 
Op 5 = 


20 “Slide aoe se 10 eves 
cue use re same method and formula as we used 


in answer -4AE- -9, 1 te solve this problem. 


3 — 10,000 X 10,000 __ 100,000,000 _ . 0 
Seti O00 1000. DU 000. ee 


a 10,000 - 
eee 10/57 000 110,000.c no ee 


5 V. 


4AE-9.5 In Figure 4AE-9, what values of V2 and R3 result in the 
same voltage and current characteristics as when V1 is 10-volts, Rl 
is 20 kilohms, and R2 is 10 kilohms? 
A. R3 = 30 kilohms and V2 = 10 volts 
Bros 6, oy One aes V2 = = 10 volts 


Boks S80 Riohiis and V223.33 volts’ 
@he answer is CG: We use the same method and formula as we used 
in answer 4AE-9.1 to solve this problem. 


20,000 X 10,000 200,000,000 


Bsast pono se 10 Gone 80 OO 
= 10,000 10 
V2 = 10 X soacg + qon00= 10 X go> = 3:38 V. 


4AE-9.6 In Figure 4AE-9, what values of V2 and R3 result in the 
same voltage and current characteristics as when V1 is 10-volts, Rl 
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is ne Ws tet and R2 is 20 kilohms? 
“AWR3°= "6.67 kilohms and. V2. = 6.67: volts 
B. R3 = 6.67 kilohms ‘and V2 ="10 volts 
= 30 kilohms and V2 = 6.67 volts 
D. Re = 3 ima and V2 = 10 volts 
1e answer is Ai We use the same method and formula as we used 
in answer 4AE- £0. 1 to solve this problem. 


10,000 X 20,000 200,000,000 


HSS et10 000 SRN 000 aa 30,000. ~ 0667 ohms. 
€ 20,000 8 pow 


4AE-9.7 In Figure 4AE-9, what values of V2 and R3 result in the 
same voltage and current characteristics as when V1 is 12-volts, Rl 
is 10 kilohms, and R2 is 10 kilohms? 

ital 5 US = AY AE: ae V2e= We volts 


GRRBISN5 eRe ee V2 = = 12 Sorte 

=5 0} gaa and V2 = 6 volts 
e answer is B. We use the same method and formula as we used 
in answer 4 ARE -9, 1 to solve this problem. 


ng = __10.000 X 10,000 100,000,000 oo on 
Swe GL0;000s- 10,000} seaaain20200 OP aaieanieicg racemes 
v2=12x 10,000 =12X 5=6V. 


10,000 + 10,000 


4AE-9.8 In Figure 4AE-9, what values of V2 and R3 result in the 
same voltage and current characteristics as when V1 is 12-volts, Rl 
is 20 kilohms, and R2 is 10 kilohms? 
ake ie = 30 kilohms stm \ Mates = a Aad 


e0tie eens and V2°= = 12 welts 
R3°= ue iid kilohms ana Vie = 12eVvolts 
‘Lhe answer is B. We use the same method and formula as we used 
in answer 4AE- -9, 1 to solve this problem. 


20,000 X 10,000 200,000,000 


to k 
0 
WW 
I 


R3 = 30,000 + 10,000 = ~~ 30000 — 6667 ohms. 
‘te Words U; 00 Oegane ine 
V2 = 12 X spgog ping = 2X = 4. 


4AE-9.9 In Figure 4AE-9, what values of V2 and R3 result in the 
same voltage and current characteristics as when V1 is 12-volts, Rl 
is 10 kilohms, and R2 is 20 kilohms? 

Aa RS 
Bee 


6.67 kilohms and V2 = 12 volts 
30 ae and V2 = le Olt 


20 NaTSLM sada’ ve Sourerey 
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answer is Cy We use the same method and formula as we used 
in answer -AAE-9, 1 to solve this problem. 


ng = 10,000 x 20,000 _ 200,000,000 _ 6. 
~ 70,000 + 20,000 ~ BANOO aaa: F cnaaeembensanine 
bs 20,000 ¥ a a 

2 Xan 70 00d pas 


4AE-9.10 In Figure 4AE-9, what values of V2 and R3 result in the 
same voltage and current characteristics as when V1 is 12-volts, Rl 
is 20 kilohms, and R2 is 20 kilohms? 

A. R3 = 40 kilohms and V2 = 12 volts 

B. R3 = = = Pao BuS ane! iG = 6 volts 
D 


R3 = 10 eRe eye oie verte 
We use the same method and formula as we used 
in answer 4AE-9.1 to solve this problem. 


20,000 X 20,000 400,000,000 
R3 = —39000 + 20,000 — 40,000 = 10,000 ohms. 
: 20,000 tele 
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SUBELEMENT 4AF 
(6 questions) 


4AF-1.1 What is the schematic symbol for a semiconductor diode/rec— 
tifier? e | - 


putes ci B 6 pei ic Dt 


The left side is the anode and the right side is 


the cathode. 


4AF-1.2 Structurally, what are the two main categories of semicon- 
eas Seen 
A. Juncti nd point contact B. Electrolytic and junction 
Gi Electrolytic a ie oer 
Ds; Vacuum age ge contact 

Ihe swer is A. In the junction type, there is a large contact 
area We eer Ene fio elements of the diode. In the point contact 
type, the contact area between the two elements is very tiny. 


4AF-1.3 What is the schematic symbol for a Zener diode? 


A phe » HY xis —pi— 
)The answer is D.’ 


4AF-1.4 What are the two primary classifications of Zener diodes? 
A. akele carrier and tunnel B. Varactor and rectifying 


D. rorbara cae eas pitsent 
(The answer is C.’Zeners are also classified by their voltage and 
their power ratings. 


4AF-1.5 What is the principal characteristic of a Zener diode? 
A. A constant current aes fonglelsies ot Benue voltage 


C. A netanven re teisnice region 
D. An internal capacitance that varies with the applied voltage 

. A Zener diode maintains a constant voltage, 
regardless of large current changes through it. This makes it ideal 
for use as a voltage regulator. 


4AF-1.6 What is the range of voltage ratings available in Zener 
F-] 


diodes? 

A. 2.4 volts to 200 volts, B. 1.2 volts to 7 volts 

C. 3 volts to 2000 volts D. 1.2 volts to 5.6 volts 
‘The answer is A. 

4AF-1.7 What is the schematic symbol for a tunnel diode? 


He 8 Qe ei 


4AF-1.8 What is the principal characteristic of a tunnel diode? 
A. A high ~ oy isat resistance B. A very high PIV 

? esistan egion D.A high forward current rating 

The panel diode is a variation of a junction 

diode. Its main characteristic is that it exhibits a negative resistance 
in a region of its forward conduction curve. In other words, in this 
negative resistance region, the voltage drop across the diode 
decreases as the current increases. The tunnel diode is used in 
oscillators, amplifiers, detectors and converters. 


4AF-1.9 What special type of diode is capable of both amplification 
and oscillation? 
A. Point contact diodes B. Zener diodes 
‘C. Tunnel diodes D. Junction diodes 
(Phewanswer is C. See answer 4AF-1.8. 


4AF-1.10 What is the schematic symbol for a varactor diode? 


QB oe 


The answer is D. Another commonly used varactor diode symbol is: 


Pr 


4AF-1.11 What type of semiconductor diode varies its internal 
capacitance as the voltage applied to its terminals varies? 

A, A»varactor diode- B. A tunnel diode 

C. A silicon-controlled rectifier 

D. A Zener diode 


Dhewansweris"A. See answer 4AF-1.12. 


4AF-1.12 What is the principal characteristic of a varactor diode? 
A. It has a constant voltage under conditions of varying current 
e 
C.It has a negative resistance region 
D. It has a very high PIV 
Rae 


The answer is B. A varactor, also known as a varicap, is a solid 
state Geass wae internal capacitance can be varied by changing the 
DC voltage across its terminals. The varactor's ability to change its 
internal capacitance makes it useful as a remote tuning device in 
resonant circuits. Varactors are also used in frequency multipliers 
where they are called parametric amplifiers. 


4AF-1.13 What is a common use of a varactor diode? 
A. As a constant current source B. As a constant voltage source 
C. As a “Ss POH LOLS. incuctarice 


ETE. A’ common use of a varactor diode isvan a 
frequency multiplier. See answer 4AF-1.12. 


4AF-1.14 What is a common use of a.hot-carrier diode? 


A. As balanced mixers in SSB generation 
B. As a variable capacitance in an automatic frequency control circuit 
C. ae a AconStayt itl TELEHENCS in a POWER supply 


ch mnipr meerree ‘ 


4AF-1.15 What limits the maximum forward current in a junction 
diode? 
A. The peak inverse voltage 3. The junction tem 
C. The fepyend Votiees D. The back EMF 

nswer is B. The maximum forward current is limited by the 
A orem ages across the diode, which, together with the current in 
the diode, develops a certain amount of power (E x») at the 
junction. The power or heat dissipation capability of the diode must 
not be exceeded or else the diode will burn out. Heat sinks are 
sometimes physically attached to the diode to dissipate the heat that 
develops and allow for greater diode current capacities. 


4AF-1.16 How are junction diodes rated? 

A. Maximum forward current and capacitance 
B. Maximum reverse current and PIV 

C. Mastin uD reverse current and sep ecitance 


‘The answer is D. Some of the PION ratings for junction 
diodes are: (1) the»peak inverse voltag IV) which is the maximum 
voltage that the Ae can sas in the reverse biased (non-conduct- 
ing) direction, (2) tl t current which is the 
average current flowing through the diode, (3 d 
»current which is the current flowing at the peaks of the cycle. 


4AF-1.17 What is a common use for point contact diodes? 
A. As a constant current source B. As a constant voltage source 
Yr D. As a high voltage rectifier 
(The answer is Ci A point contact diode is a solid state rectifier 
F-3 
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that consists of a "in permanent contact with a small 
section of semiconductor material. 
direction..only,, the same as other diodes do. 

The »primary, advantage of the point contact diode over other 
diodes is» its. ver w internal capacitances Because of this, it is 
often . The point contact diode also 
has 

The schematic symbol for a point contact diode is the same as 
that for the junction diode. 


4AF-1.18 What type of diode is made of a metal whisker touching a 
very small semi-conductor die? 
A. Zener diode B.. Varactor diode 
C. Junction diode Poin tact di 


»the-answeryis/D. See answer 4AF- 1. 17. a 


4AF-1.19 What is one common use for PIN diodes 

A. As a constant current source B. Asa canetant voltage source 

i D. As a high voltage rectifier 

PIN diodes are composed of a layer of P-type 
material and a layer of N-type material with a section of undoped 
("intrinsic") silicon between them. This intrinsic layer means ane the 
diode can anRee resistive at certain Md GROUSD CRs This allows PID 


4AF-1.20 What special type of diode is often used in RF switches 

attenuators, and various types of phase Satanea: ETS, 

A. Tunnel diodes B. Varactor diodes 

C. PIN diodes: D. Junction diodes 
Thevanswer is C.iSee answer 4AF-1.19. 


4AF-2.1 What is the schematic symbol for a PNP transistor: 


© -G-© 


4AF-2.2 What is the schematic symbol for an NPN transistor? 


‘@-@ © oO 


The answer is B.’ 


4AF-2.3 What are the three terminals of a bipolar transistor? / 
A. Cathode, plate and grid i 
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C. Yighanes source and sink D. Input, output and ground 

e answer is B. The base is equivalent to the grid of a tube. The 
pollecics is eeateele to ‘the plate of a tube.’ The emitter is 
equivalent to the cathode of a tube. 


pains a bse is the meaning of the term alpha’ with regard to bipolar 


AS ‘The cHutics of collector current with respect to base current 
B- ae sr eiaie of wile fags with me to collector current 


} SW ism@é. Alpha is the current gain in a common-base 
ener “aed BILE? The formula for Alpha is: 


Ale where: @ is Alpha 
ie Alc is the change in DC collector current. 
Ale is the change in DC emitter current. 


4AF-2.5 What is the term used to express the ratio of change in dc 
collector current to a change in emitter current in a bipolar 
transistor? 
A. Gamma B. Epsilon C. Alpha: D. Beta 

Lhe answer is Le See answer 4AF-2.4. 


4AF-2.6 What is the meaning of the term beta with regard to bipolar 
pi Ne 


B, The Pee ae Bf Tae STAN ea eucneet to emittee current 
C. The change of collector current with respect to emitter current 
D. ae shia Eins in base current with respect to gate current 


ihe ans s Ai Beta is the current gain in a common-emitter 
teanaieee eapliier! The formula for Beta is: 


Alc where: B is Beta 
Alp Alc is the change in DC collector current 
Alp is the change in DC base current. 


4AF-2.7 What is the term used to express the ratio of change in the 
dc collector current to a change in base current in a bipolar 
transistor? 
A. Alpha VB wsBeta C. Gamma D. Delta 

The answer is By See answer 4AF-2.6. 


4AF-2.8 What is the meaning of the term alpha cutoff frequency with 


regard to bipolar transistors? 
A. The practical lower frequency limit of a transistor in common 
emitter configuration 
B. TI i eRrinsquener-limitios Koga 
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C. The practical lower frequency limit of a transistor in common base 
configuration 
D. The practical upper frequency limit of a transistor in common 
emitter configuration 
The answer is*ByThe Alpha cut-off frequency is the frequency at 
which the current gain (Alpha) of a common-base transistor amplifier 
drops to .707 (3 dB) of its gain at 1000 Hz. 


4AF-2.9 What is the term used to express that frequency at which 

the grounded base current gain has decreased to 0.7 of the gain 

obtainable at 1 kHz in a transistor? 

A. Corner frequency 

C. Beta cutoff frequency D. Alpha rejection frequency 
@hesanswer is Bi See answer 4AF-2.8. 


4AF-2.10 What is the meaning of the term 
regard to a bipolar transistor? 


> 


. That frequency at which the grounded base current gain has 
eed tot0s 7 of Bee see lees at | kHz in a transistor 


decreased to 0.7 of that obtainable at 1 kHz in a transistor 
. That frequency at which the grounded gate current gain has 
decreased to 0.7 of that obtainable at 1 kHz in a transistor 


B 
C. That frequency at which the grounded collector current gain has 
D 


4AF-2.11 What is the meaning of the term stransition region with 
eis to a RNs 


B. The area of maximum P- meses Hees 

C. The area of maximum N-type charge 

D. The point where wire leads are connected to the P- or N-type 
material 


The term,"transition..region" represents the 


physical area referred to in answer A. re 


4AF-2.12 What does it mean for a transistor to be fully saturated? 
fe : 

B. The collector current is at its minimum value 

C. The transistor's Alpha is at its maximum value 

D. The transistor's Beta is at its maximum value 


The»answer is»A. See answer 4AF-2.11. 


4AF-2.13 What does it mean for a transistor to be:cut off? 
A. There is no base current 
B. The transistor is at its operating point 
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Ds Re Spam Ot cae Weicte pbc athittons 2 collector 


The answer,is,Cs See answer 
4AF-2.14 What is the schematic symbol for a,unijunction, transistor? 


© -@-@ © 


4AF-2. 15 What are Maks Sencar of a unijunction transistor? 
A. Base 1, base 2 and emitte B. Gate, cathode and anode 
D. Gate, source and sink 


4AF-2.16 For best efficiency and stability, where on the load-line 
Snee a Heol se tate Paialbatics ni ate be Opemated? 


B. Tat ToT ae mare EE ‘dint 
C. At the saturation point 
D. At 1.414 times the saturation point 


4AF-2.17 What two elements widely used in semiconductor devices 
exhibit both metallic and Ronee [iG a AS hanreaeee 
A. Silicon and gold 3. Silicon and germar 
C. pens ia pie Aten D. @atene utes pista 

: ‘Bs Selenium and gallium are other elements in this 


eatery 


4AF-3.1 What is the schematic symbol for a silicon controlled 
rectifier? 


me B-GS o Cy ow: S)- 


ne answer. is D, A silicon-controlled rectifier) (SCR) is a solid- 
State diode whose a orward conduction is controlled by a third internal 
element, called a gate. Once triggered by the gate, diode current 
continues as long as the anode is positive, regardless of the condition 
of the gate. 

The»SCR. symbol; is shown in Figure 4AF-3.1. It is easily dis- 
tinguished from other diodes by the gate element. SCRs are used in 
many circuits where a large load current must be controlled by a 
small control current. Typical uses are light dimmers, motor speed 
controls, and heater controls. A. basic circuit is shown in Figure 4AF- 

“3.1. By adjusting the position of the variable resistor in the gate 
circuit, the SCR is made to conduct during an entire half cycle of 
Pail 


AC or only a part of the half cycle. The voltage across the load will 
vary in accordance with the setting of the gate resistor. 


ANODE OFF LOAD 
mene TPs 
| nN 
SCR 
GATE 
CATHODE 


Fig. 4AF-3.1. The silicon controlled rectifier. 


4AF-3.2 What are the three terminals of an SCR? 
B. Gate, source and sink 
C. Base, collector and emitter D. Gate, base 1 and base 2 


The-answersissAs See answer 4AF-3.1. 


4AF-3.3 What are wae two shares sae aaa conditions of an SCR? 


Bp Odcillating Sine enacieetarteola 
C. Forward conducting and reverse conducting 
D. NPN conduction and PNP conduction 


. The two conditions are pee accents —_— 
TRIGGERED and eae flowing and \(2), FF \ ere is n¢ 


current flow. 


4AF-3.4 When an SCR is in the triggered or on condition, its 
electrical characteristics are similar to what other solid-state device 
(as 2 LN a oie its cathode and anode)? 

iction dioc B. The tunnel diode 
C. The Aedarrise didde D. The varactor diode 
The»answer»is»As,It acts as a forward-biased silicon diode 


rectifier. 


4AF-3.5 Under what operating condition does an SCR _ exhibit 
electrical characteristics similar to a forward-biased silicon rectifier? 
A. During a switching transition B. ssh it is used as a detector 
C. When it is gated "off" Ni it is gated "or 


|The answer is D. © 
4AF-3.6 What is the schematic symbol for a ‘TRIAC?’ 


The answer*is At A triac is a semiconductor device having two 
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main terminals and a gate. See Figure 4AF-3.6. It can be thought of 
as being two rectifiers in the same package. Positive or negative 
voltage polarity may be applied to its two terminals; thus the triac 
can rectify both halves of an AC input signal (in contrast to other 
rectifiers which rectify only one-half of an AC signal). The ability of 
a triac to conduct depends upon the current applied to the gate. At a 
certain point, called the BREAKOVER voltage, the triac will conduct. 
The ability of the triac to conduct both halves of an AC signal and 
be controlled by gate current, makes it popular for many types of 
control circuits. 


G 
G IS GATE TERMINAL 


TIS MAIN TERMINAL 


Fig. 4AF-3.6. Triac symbol. 


4AF-3.7 What is the transistor called which is fabricated as two 
complementary SCRs in parallel with a common gate terminal? 

) B. Bilateral SCR 
C. Unijunction transistor D. Field effect transistor 


A. Bre base 1 and base 2 B. Gate, a e 1 and anode 
C. Base, emitter and collector D; one source ROS aa 


4AF-4.2 What is the normal operating voltage and current for a 
light-emitting diode? 
A. 60 none and 20 sib B. 5 volts and 50 mA 
aT s and 20 mA D. 0.7 volts and 60 mA 
he answer is . The normal operating voltage of an LED is from 
Sp RLoxima tee Late 4 volts, depending on the color and manufacture 
of the LED, The current varies from approximately 10 to 40 ma. 


baie os 3 what type of bias is required for an ‘LED to produce 


B. High lumens per cm per cm and low power consumption 

C. High lumens per cm per cm and low voltage requirement 

D. A current flows when the device is exposed to a light source 
They can be used in numeric displays where 

they are shaped to form numbers, and their size is small and are 

made to fit neatly on panels. 


4AF-4.5 What colors are available in LEDs? 
A. Yellow, blue, red and green 

B. Red, violet, yellow and peach 

oF Rage: pales RaSnES oue eee 


4AF-4.6 What is the schematic symbol for a neon lamp?» 
i (Gee B €): ooo a)— D —CcI- 


4AF-4.7 What hie neon sean is usually used in amateur radio work? 
A. NE-1 eee NE=2 C,’ NE=3 D. NE-4 

ype NE-2 used to be popular in amateur work 
as an indicator, and for the testing of RF presence. 


4AF-4.8 What is ie DC starting voltage for an NE-2 neon lamp? 
<imately 6/ vol B. Approximately 5 volts 
C. ee eariately 5. 6 volts D. Approximately 110 volts 
The*answerisA. It is anywhere from 65 to 100 volts, depending 
upon the manufacturer. 


4AF-4.9 What is the AC starting voltage for an NE-2 neon lamp? 
A. Approximately 110-V ac RMS B. A pono oe 5-V ac RMS 
C. Approximately 5.6-V ac RMS (D. Approximately 46-V ac KMc 


Thesanswer ispD. It is from 45 to 70 V ac RMS, Tine upon 
the manufacturer. 


4AF-4.10 How can a neon lamp be used to check for the presence of 
RF? 
A. A neon lamp will go out in the presence of RF 
B. A neon lamp will change color in the presence of RF 
C. A neon lamp will light only in the presence of very low frequency 
RF 
@DWA neon lamp will light in the presence of RF 


The answer is"D: If we place the neon lamp near an RF point or 
line, the neon will ionize and the lamp will glow. 


4AF-5.1 What would be the bandwidth of a good crystal lattice 
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band-pass filter for a single-sideband phone emission? 
A. 6 kHz at -6 dB pBe vel kHzeat6rdBy 
Gy500" haat “6 oe) Davie kh zdawi-6 <aB 


4AF-5.2 What would be the bandwidth of a good crystal lattice 
band-pass filter for a double-sideband phone emission? 


A. 1 kHz at -6 dB B. 500 Hz at -6 dB 
Cro*kHzat-6%dBik D.15 kHz at -6 dB 


AwiA Poon supply filter ee ie ARES a0 8 quartz copeitie 

B. An audio filter made with 4 quartz crystals at 1-kHz intervals 

C. A filter with infinitely wide and shallow skirts made using quartz 
Si 


The answer is D. Crystal lattice filters take advantage of the high 
Q of nee Spe to obtain excellent selectivity. Several crystals 
of two distinct frequencies are cascaded to form a bandpass filter 
with steep skirts on either side. See Figure 4AF-5.3. A typical 
bandpass for an SSB filter is 2.1 kiloHertz. These filters are very 
stable at high frequencies. They are physically smaller than their L-C 
counterparts and require no tuning. 


Ite 


ar 2 a FH: 


eee dace. 


F1 
Fig. 4AF-5.3. A crystal lattice filter. 


4AF-5.4 What technique can be used to construct low cost, high 

performance crystal lattice filters? 

A. Splitting and tumbling ce ee sie sagen: 

Ge tial il ae Etching ai : 
sw s D. Crystal latices filters can te constructed with 

espenee transniitting Ae crystals. War surplus FT-241 crystals 

can also be used. 


4AF-5.5 What determines the bandwidth and response shape in a 
cry aul NS: SHEESH 


B. The « ee Freqnenet praes ice the filter 

C. The amplitude of the RF stage preceding the filter 

D. The amplitude of the signals passing through the filter 
Door | 


| wer is Aw The bandwidth and response shape of a crystal 
qBttice filter is determined primarily by the Q of the crystals, the 
number of crystals used and the circuit configuration. The more the 
crystals used, the better is the response shape. 
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SUBELEMENT 4AG 


4AG-1.1 What is a linear electronic age regulator? 
A. A regulator that Hae a ramp Folttice as its output 
B. A regulator in which the pass transistor switches from the "off" 
state to the "on" state 
C. A regulator in which the control device is switched on or off, 
with ne ey oy ke eS ete to ets us or moe Migs = 


The answer is D. rine AAG=1al j rae tea ieee a Bact series regula- 
tion ane ‘@ this circuit, _ sel load current flows through a 
series transistor, icallec pass’ transistor. The:zener is used only as 
a stable reference voltage Te ae the a a ae s base current. 

This circuit operates in the following manner: Variations of the 
power supply input or output voltage will cause the zener current to 
vary. This causes a change in the transistor's base current which, in 
turn, Causes an increase or decrease in the emitter-collector (load) 
current. The amplitude and polarity of the changing transistor load 
current will counteract the original voltage variations. Rb supplies 
bias for the transistor. 


Rb 


witching ef cCtronic Ita pe re Ol > 
AVA ha hayes in which the conduaee af a control element is varied 


in direct proportion to the line voltage or load current 
Bi S anes atonat that SPhovidest more ag one BuEP EE bore 


L, A rue Hee gives a ae AE at its RRS 
The answeris'C. The average DC voltage output of the regulator 
is proportional to the ratio of the "on" time to the total time of the 
switching cycle. The switching frequency is at least several kHz. This 
allows the use of minimum filtering to keep the switching frequency 
component out of the DC output. 
Gs 


4AG-1.3 What device is usually used as a stable reference voltage in 
a linear voltage regulator? 


A. A Zener diode B. A tunnel diode = i 
C. An SCR D. A varactor diode ood eae 


Thesanswerwis"A. See answer 4AG-1.1. 


4AG-1.4 What type of linear regulator is used in applications 

requiring efficient utilization of ae rete sates SEES 

A. A constant current source ries re ito 

C. A shunt regulator D. A ae area source 
»sDhewanswer“isB. In the series regulator circuit, the current 

regulating device is connected in series with the load and the entire 

load current flows through it. 


4AG-1.5 What type of linear voltage regulator is used in applications 
where the load on the unregulated voltage source must be kept 
constant? 

A. A constant current source B. A series il palais 
C. A shunt current source ). A shunt regule 


The»answer"is™D. In a autre conray ee meaty the regulating 
device is parallel to the load. 


4AG-1.6 To obtain the best temperature stability, what should be the 
operating voltage of the reference diode in a linear voltage regula- 
tor? 
A. Approximately 2.0 volts B. Approximately 3.0 volts 
GwApproximately 6.0 volts D. Approximately 10.0 volts 

The answer is C. 
4AG-1.7 What is the meaning of the term rem 
to a linear voltage regulator? 


‘the load » 
B. Sensing is accomplished by wireless inductive loops 
C. The load connection is made outside the feedback loop 
D. The error amplifier compares the input voltage to the reference 
voltage 
ePhewanswersis~A: If this is not done, and there are long leads 
between the error amplifier and the load, the high current through 
these leads will produce a large enough voltage drop to reduce the 
effect of regulation. 


4AG-1.8 What is a n regulator 

. A regulator that Bape cared Moltaves with variable current 

. A regulator that supplies three voltages at a constant current 

. A regulator containing three error amplifiers and sensing 

transistors 

. A regulator containing a voltage reference, error amplifier, sensing 

resistors and transistors, and a pass element 

The answeris. Three terminal regulators use integrated circuits. 
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gulated DC output, a i (3) ground. Thess terminal nega are 
beer i in a me a of voltage and current ratings. 


4AG-1.9 What are the important characteristics of a three—-terminal 

regulator? 

A. Maximum and minimum input voltage, minimum output current and 
voltage 


C. VE agen and minimum input voltage, minimum output current and 
maximum output voltage 
D. Maximum and minimum input voltage, minimum output Bist and 
maximum SHAD current 
ISWe B.’ Other characteristics to consider are power 
TORT sn Pe and load regulation. 


4AG-2.1 What is the distinguishing feature of a Class’ A»amp 
Mi Ouimut ven sai Baan ke sale of the justdsiNa cycle 


C. Baton fork more ree 180 epriomer aid ioe that 360 degrees of 
the signal cycle 
Ds Satna abr esac, 180 degrees of the input signal cycle 
| nswer is B. In a Class A amplifier, the output is a faithful 


Peneeeen | i the input. Output current flows during the entire 
input cycle. The bias is set so that the tube is operated over the 
straight ea of its REL ay aa curve. nS oh is never driven 


4AG-2.2 What class of amplifier is distinguished by the presence of 
output throughout the entire signal cycle and the input never goes 
into the cutoff region? 

“A. Class A’ B.sGlassunB CrsClassace D. Class D 


is A. See answer 4AG~2s1y 
fae: 3 What is the distinguishing characteristic of a .Class»B. 


He Odtaut for the entire input signal cycle 

B, Output for greater than 180 degrees and less than 360 degrees of 
the input signal cycle 

C. ed | ie less ee 180 Sis Se of oe Bushs ee cycle 


I 1s is D ne a ees B Sa ae the ert: flows only 
fine Hi ee half cycles (180 degrees) of the input signal. The 
tube is Hhencione cut off Ralf of the tines Class B amplifiers have 


4AG-2.4 What class of amplifier is distinguished by the flow of 
current in the output essentially in 180 degree pulses? 
GES 


A. Class A BeeGlassel GwChass..G bwCrasseD 
SE esiaieon See answer4AG~23% 


SA Gares 5 Bhat. is a Class AB ampliner’ 


By ean is te ig al input 180 degrees of the input signal cycle 
C. Output is present for the entire input signal cycle 
D. Output is present for less than 180 degrees of the input signal 


B. Output is present for exactly 180 degrees of the input signal cycle 
C. Output is present for the entire input signal cycle 
D. Output is present for more than 180 degrees but less than 360 
degrees of the input signal cycle 
. In.a Glass C: amplifier,: the bias is set in«the 
cut-off region. arene current Nes for less Han eneanals eavENS Seg 


than 180 Beers Se) ne efficiency of a Class 


4AG-2.7 What class of amplifier is distinguished by the bias being set 


well beyond cutoff? 
A. Class A ~_=éB. Class B 


, See answer 4AG-2.6. 


4AG-2.8 Which class of amplifier BEONdG ete highest efficiency? 
A. Class A B. Class B ass C D. Class AB 


»The answer is C. See answer eeteiest6 


4AG-2.9 Which class of amplifier has the highest linearity and least 
distortion? 

A. Class A’ B. Class B C. Class C D. Class AB 

1e answer is A. See answer 4AG=2.1. 


DsvGlassa AB 


4AG-2.10 Which class of amplifier has an operating angle of more 
than 180 degrees but less than 360 degrees when driven by a sine 
wave signal? 
A. Class A B. Class B 
oGiass C ‘D. Class AB’ 

The answer is D. See answer 4AG~2.5, 


4AG-3.1 What is an L-network? 
A. A network consisting entirely of four inductors 
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B. A network consisting of an inductor and a capacitor 
C. A network used to generate a leading phase angle 
D. A network used to generate a lagging phase angle 

[The answer is B. However, it must be noted that an L-network 
consists of two parts whose schematic configuration resembles the 
letter "L". See Figure 4AG-3.). L-networks are used in filters and in 
impedance matching circuits. 


SERIES 
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4AG-3.2 What is a pi-network? 
A. A network consisting entirely of four inductors or four capacitors 
B. A Power Incidence network 

C. an SM OSE RoLwons oes is porate fon wales 


he answer is D. A pai cl consists of three parts whose 
byaed aa hepa 8 resembles the Greek letter nm’. See Figure 
4AG-3.2. Pi-networks are used in filters and in impedance matching 
circuits. 


4AG-3.3 What is a pi-L-network? 
A. A Phase Inverter Load network 
B. A network consisting of two inductors and two capacit 
C. A network with only ee eee nee 
D. A matching network in which all components are isolated from 
ground 
‘The answer.is B. However, it must be noted that a pi-L-network 
is a combination of a pi and an L-network. See Figure 4AG-3.3. Also 
see answers 4AG-3.1 and 4AG-3.2. 


‘Fig. 4AG-3.3 a Pi-L network 


4AG-3.4 Does the L-, pi-, or pi-L-network provide the greatest 
harmonic suppression? 
A. L-network B. Pi-network 

G=5 
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network 


C. Inverse L-network _ Pi-L-network 
The pi-L-network provides the greatest harmonic 
suppression of the listed networks. It contains the most components 
and can achieve the greatest harmonic attenuation. 


4AG-3.5 What are the three most commonly used networks to accom-— 
plish a match between an amplifying device and a transmission line? 
A. M-network, pi-network and T-network 

B. T-network, M-network and Q-network 


ATF III MO 2 = = - V¥* lz 
LILOL VV q Diwali Ji 


D. L-network, M-network Be G-network,. 


The answer is C. 


4AG-3.6 How are networks able to transform one impedance to 

another? 

A. Resistances in the networks substitute for resistances in the load 

B. The matching network introduces negative resistance to cancel the 
resistive part of an impedance 

C. The matching network introduces transconductance to cancel the 

reactive part of an impedance 


@> 


impedance © 

The answeris D. Networks are able to transform one impedance to 
another because we can find an equivalent parallel circuit that has 
the same impedance characteristics as a series circuit containing 
reactance and resistance. 


4AG-3.7 Which type of network offers the greater transformation 
ratio? 

A. L-network BD. Fi-network 
C. Constant-K D. Constant-M 


4AG-3.8 Why is the L-network of limited utility in impedance 
matching? 


V@ 


B. It has limited power handling capabilities 
C.It is thermally unstable 
D. It is prone to self resonance 


4AG-3.9 What is an advantage of using a pi-L-network instead of a 
pi-network for impedance matching between the final amplifier of a 
vacuum-tube type transmitter and a multiband antenna? 

eA. Greater transformation range B. Higher efficiency 
C. Lower losses D. Greater harr 


However, answer A is also correct. A pi-L- 
network has a greater transformation ratio AND has greater harmonic 
suppression than the pi-network or L-network. 
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4AG-3.10 Which type of network provides the greatest harmonic 


suppression? 
A. L-network B. Pi-network 


ae D. Inverse-Pi network 

1e answer is C. The Pi-L-network provides the greatest harmonic 
ewapression scenes it has the most sections, and the attenuation of 
each section adds up to give the total attenuation of the network. 


ancl I Cee are is es cane: ae al of filters? 
B. Tductoes URL FTE Re veBibtee 
C. Audio, radio and capacitive 
D. Hartley, Colpitts and Pierce 

_The answer is A. High-pass filters pass signals above a certain 
value and reject signals below this value. Low-pass filters pass 
signals below a certain value but reject signals above this value. 
Band-pass filters pass signals within an upper and lower frequency 
limit, but reject signals outside of this range. 


4AG-4.2 What is a constant-K filter? 

A. A filter that uses Boltzmann's constant 

B. A filter whose velocity factor is constant over a wide range of 
Fo 


D. A filter wee ptt in petdariee varies widely over the design 
bandwidth 
The answer is C. The basic filters, shown in Figures 4AG-3.1 and 
4AG-3.2,; are known as constant-k filters. The PRODUCT of the 
impedances of the series and shunt elements remains CONSTANT over 
the range of frequencies at which the filter operates. 


4AG-4.3 What is an bdcamean th of a constant-k filter? 


By. It can indtch inpedanicee over a wide range of frequencies 

C. It uses elliptic functions 

D. The ratio of the cutoff frequency to the trap frequency can be 
varied 


The answer is A., 


4AG-4.4 What is an m-derived filter? 

A. A filter whose input impedance varies widely over the design 
bandwidth 

B. A filter whose product of the series- and shunt-element imped- 
ances is a constant for all frequencies 

C. A filter whose schematic shape is the letter '"M"' 


near cutoff for An M-derived filter is a constant-k filter with 


ony 


additional shunt or series tuned circuits. Figure 4AG-4.41 

M-derived filter. If the additional tuned eivorute are added to the 
shunt arm of the section, the filter is said to be series-derived; if 
the additional tuned circuits are added to the series arm of the 
section, the filter is called shunt-derived. 


ee ee reer, 


__Fig. 4AG-4.4 an M-derived, shunt derived filter. 


4AG-4.5 What are the distinguishing features of a Butterworth filter 


A. A filter whose product of the series- and Etaga tae erent inipede 
ances is a constant for all frequencies 
Brit a Sh aaa as Sear 


D. It requires a inductors 
is Cy A Butterworth filter has a sani flat 


4AG-4.6 What are the distinguishing features of a Cheby 
A. It Sak a aaa flat EEBR ONPG over its passband 


C. It ae See Se cach d 
D. A filter whose product of the series- and shunt-element imped- 
ances is a constant for all frequencies 


: yer is B. A Chebyshev filter has a ripple-type response 
curve in the eee i and a sharp cut-off. 


4AG-4.7 When would it be more desirable to use an m-derived filter 
over a constant-k filter? 
A. When EDS: meresRense must be maximally flat at one ee ae 


LAr ND A+¢taniiatinn at 2 artain Par that 1 
ne ed more atrenu atic 38 atl A C se rtain cs) Go iu PY 1¢ Chim W la (Ng 


5 slose to the cut-off frequency for a constal! it-k filter 
on When the went of components must be minimized 
D. When high power levels must be filtered 
'The» answer» is’ B. We would use an m-derived filter over a 
constant-k filter when we need additional attenuation of the 


undesired frequencies and/or a sharper cut-off frequency. 


4AG-5.1 What condition must exist for a ‘circul 
A. It must have a gain of less than 1 
Bi tt must be neUueAZes 


Dt eet raion iret ie sufficient to cal the inet 
. In order for a circuit to oscillate, we must 
have a tuned circuit, an amplifying device, a source of power and a 
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method of feeding the energy from the output of the amplifier to the 
input of the amplifier in such a way (positive feedback) that the 
oscillations will be sustained. 


4AG-5.2 What are three major 
amateur radio catinente * 

A. Taft, Pierce and negative feedback 
B. Colpitts, Hartley and Taft 

C. Taft, a oe ae 


ry’ ee eG ARE ee e »& - 
ine answ ne Shs 


often used in 


4AG-5.3 How is the positive feedback coupled to the input in a 
Hartley oscillator? 

A. Through a neutralizing capacitor 

B. Through a capacitive divider 

Cy sole Sins es coupling 


4AG-5.4 How is the positive feedback coupled to the input in a 
Colpitts oscillator? 

A. Through a tapped coil 

Bs sa cet link seas 


4AG-5.5 How is the positive feedback coupled to the input in a 
Pierce oscillator? 

A. Through a tapped coil B. cae ae ok dered eo 

Oe ae a pease divider D. ough capacitive coupling 


Lhe answer is D 


4AG-5.6 Which of the three Trea scons circuits used in amateur 
radio equipment utilizes a quartz crystal? 

A. Negative feedback ‘Be Hartley 

GS. see D. Pierc 


ape 


B. POT deformation i a Reveal Bea ee applica een & a 
magnetic field 

C. The generation of electrical energy by the application of light 

D. Reversed conduction states when a P-N junction is exposed to 
neve 


Ihe answer is A, The piezoelectric effect is the ability of a 
Grivaaes aeicit to generate an AC voltage when mechanical vibration 
is applied to its surface and vice versa. 
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4AG-5.8 What is the major advantage of a Pierce oscillator? 
A. It is neg to kk Seah 


C. It can * ied over a eden range 
D. It has a high output power 

«Dhe»answer is°B! A major advantage of a Pierce oscillator is its 
excellent frequency stability. By frequency stability, we mean the 
ability of an oscillator to maintain a constant output frequency, 
regardless of changes in temperature, supply voltages, loading, etc. 


4AG-5.9 Which type of oscillator circuit is commonly used in a VFO? 
AACPierce 


C. Hartley 
D. Negative feedback 

. The electron-coupled oscillator and the Colpitts 
oscillator are used in VFO circuits. 


4AG-5.10 Why is the Colpitts oscillator circuit commonly used in a 
VFO? 

A. The frequency is a linear function of the load impedance 

B. It can be used with or without crystal lock-in 


D. It has high output power 
It is used because it has good frequency 
stability. 


4AG-6.1 What is meant by the term modulatio 
A. The squelching of a signal until a wide eivaele to-noise ratio is 

reached 
. Carrier rejection through phase nulling 
2 i linear HislRaRA M shies 

2 S vnnere nioerma 1m) Ipon aca rrier 

@uneensweric=D, Modubation is a mi prGCeSs paren a ene or 
intelligence is superimposed on a radio frequency carrier. This can 
be accomplished by the signal altering either the amplitude, 
frequency or phase of the carrier. 


4AG-6.2 How is a yhone emission produced? 
A. oc a ee modulator ¢ on the hy Pa 


C. With < a Pei anea miGdultor% on the final eslitier 
D. With a balanced modulator on the oscillator 


” Seppo ernment SOS tpn and alia ene ser 


modulator on the oscillator. ‘1 | : shase m 
(indirect). The emission designator for SPRIze aaahlaticn perenne 
MG3E". See 4AG-6.3. 
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A. A circuit that acts as a able resistance or capacitance to 
produce FM signals 

B.A circuit that acts as a variable resistance or capacitance to 
Page se AM soit 


ae 


D.A Pant et Hie as a variable inductance or capacitance to 
eacaes on leche 
‘he answe C. A reactance modulator is a modulator circuit 
used in a rail aie modulated transmitter. In this system, the 
modulator tube is placed across the tuned circuit of the oscillator. 
The circuit of the modulator is such that the plate current lags the 
plate voltage. This means that the reactance tube acts as an inductor 
across the oscillator's tank circuit. Audio is fed to the grid of the 
modulator tube and causes its plate current to vary accordingly. 
These audio variations cause the "acting" inductance to vary and this, 
in turn, causes the oscillator's frequency to vary. Thus, frequency 
modulation is produced. 


4AG-6.4 What is a 


C. A modulator that produces a single sideband, suppressed carrier 
signal 
D.A setae that produces a full carrier signal 


1e al is Bs A balanced modulator is a modulator circuit 
hie in an “SSB + croatia In this system, an oscillator generates 
a single frequency reference signal. The signal combines with the 
audio signal in the balanced modulator. The balanced modulator 
generates a double sideband, suppressed carrier signal. This means 
that the audio signal is distributed symmetrically above and below 
the center frequency. However, the center frequency carrier is 
suppressed. The double sideband signal enters the sideband filter 
and emerges as a single sideband (SSB) signal. The sideband filter 
has removed one set of sidebands. 


4AG-6.5 How can a single-sideband phone signal be generated? 
A. By driving a product detector with a DSB signal 

B. By using a reactance modulator followed by a mixer 

C. was MEILE a se mecuiaion pO ONES BY a mixer 


ema cate , aes oe rite a r¢ i 


4AG-6.6 How can a doublecsideband phone signal be generated? 
A. By feeding a phase modulated signal into a low pass filter 
B. By using a balanced modulator followed by a filter 

C. carat Boars a tee OSGUGLON 


(RTs 


The answer is D. A block diagram of a typical AM transmitter is 
shown in Figure 4AG-6.6. The oscillator stage generates an RF 
signal, called the carrier. The buffer-amplifier stage amplifies the 
oscillator's RF output and isolates the oscillator stage from the final 
RF amplifier stage. The final RF amplifier amplifies the signal in 
terms of power and feeds it to the antenna. 

The speech amplifier amplifies the weak audio output graeihe 
microphone. The output of the speech amplifier drives an audio 
power amplifier, called a MODULATOR. The modulator injects the 
audio signals into the RF power amplifier to produce the modulated 
RF output. In amplitude modulation, the amplitude of the audio 
causes the amplitude of the RF to vary; hence, the name Amplitude 
Modulation. 


4AG-7.1 How is the efficiency of a power amplifier determined? 
A Efficiency = (RF vower out/DC power TAY 100 Sey 

B. Efficiency = (RF power in/RF power out) x 100% 

C. Efficiency = (RF power in/DC power in) x 100% 

D. Efficiency = (DC power in/RF power in) x 100% 

The» answer is". The efficiency of a power amplifier tube or 
stage is equal to the output power divided by the input power. Since 
efficiency is stated in percentage, we multiply the ratio by 100. An 
example will show how this works: 

What is the plate efficiency when the plate voltage is 400 volts, the 
plate current is 200 milliamperes and the power delivered to the load 
is 60 watts? We first find the input plate power by multiplying the 
plate current in amperes by the plate voltage. We then substitute in 
the formula of answer A to find the efficiency. We first change ma. 
to amps. 


200 ma. = .2 amps. 
Input power = .2 x 400 = 80 watts 


Efficiency = xX 100 = 75% 


60 
80 
4AG-7.2 For reasonably efficient operation of a vacuum tube Class 


C amplifier, what should the plate-load resistance be with 1500 v. at 
Gale 


the plate and eb en Si plate current? 

A. 2000 ohms Buel ohm C. 4800 ohms D. 480 ohms 
The answer is B. Re peacEasbie efficiency and minimum genera- 

tion of harmonics, the following formula may be used to find the load 

resistance for a Class C amplifier. 


Ep where: Ry, is the load resistance 
RL = Ep is the plate voltage in volts 
axel, P. | 
Ip is the plate current in amperes. 


We can substitute the given values and solve the equation. 


= 1500 eon a 
RL, = car a 1 1500 ohms. 


4AG-7.3 For reasonably efficient operation of a vacuum tube Class 
B amplifier, what should the plate-load resistance be with 800-volts 
at the plate and 75-milliamperes plate current? 
A. 679.4 ohms B. 60 ohms C. 6794 ohms D. 10,667 ohms 
The answer is C. For reasonable efficiency and minimum genera- 
tion of harmonics, the following formula may be used to find the load 
resistance for a Class B amplifier. 


Ep where: Ry], is the load resistance. 
RL = ———— Ep is the plate voltage in volts 
Lo7ekip 


Ip is the plate current in amperes. 


We can substitute the given values and solve the equation. 


800 800 
RL = -——-———- = = 6794 ohms. 
BPW POD. Vy dim Cbd 


4AG-7.4 For reasonably efficient operation of a vacuum tube Class A 
amplifier, what should the plate-load resistance be with 250-volts at 
the plate and 25-milliamperes plate current? 
A. 7692 ohms B. 3250 ohms 
C. 325 ohms D. 769.2 ohms 

The answer is A. For reasonable efficiency and minimum genera- 
tion of harmonics, the following formula may be used to find the load 
resistance for a Class A amplifier. 


Ep where: Ry, is the load resistance 
1 earirem rs Ep is the plate voltage in volts 
1.3 X Ip Lj 
p is the plate current in amperes 


We can substitute the given values and solve the equation: 


i 250 OPC or 
ALT Ss ec005 ms SUSIE Ns Coe 

4AG-7.5 For reasonably efficient operation of a transistor amplifier, 
what should the load resistance be with 12-volts at the collector and 
5 watts power output? 
A. 100.3 ohms B. 14.4 ohms 
C. 10.3 ohms D. 144 ohms 

The answer is B. For reasonable efficiency and minimum genera- 

Gals 


tion of harmonics, the following formula should be used: 


Re where: Ry, is the load resistance 
Ry = ope Ec is the collector voltage in volts 
: Po is the power output in watts. 


We can then substitute the given values and solve the equation. 


(12) ee eee 4 


2X5 0 = 14.4 ohms. 


RL, = 


4AG-7.6 What is the flywheel effect? 
A. The continued motion of a radio wave through space when the 
transmitter is turned off 
. The back and forth oscillation of electrons in an LC circuit 
. The use of a capacitor in a power supply to filter rectified ac 
. The transmission of a radio signal to a distant station by several 
hops through the ionosphere 
The answer is B. The flywheel effect is the ability of a tuned 
circuit to produce a sine wave when a pulse of energy is injected 
into it. It is similar to a child on a swing. After giving the swing a 
tap, it follows through on its own. In the case of a tuned circuit, a 
short pulse of electrical energy into the coil causes a magnetic field 
buildup. The magnetic field then collapses and induces a voltage 
across the coil, which charges up.the capacitor. The capacitor then 
discharges through the coil, causing a current to flow through it. 
This causes a magnetic field buildup, and the entire cycle starts all 
over again. Thus we see that although a small pulse of energy is 
injected into the tuned circuit, the flywheel effect causes the tuned 
circuit to sustain the energy transfer between the coil and capacitor 
and produce a sine wave. 
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4AG-7.7 How can a power amplifier be neutralized? 

A. By increasing the grid drive 

B. By feeding back an in-phase component of the output to the input 

C. By feeding back an out-of-phase component of the output to the 
input 

D. By feeding back an out-of-phase component of the input to the 
output 

The answer is C. A power amplifier requires neutralization because 
RF energy is fed back from the plate circuit to the grid circuit via 
the internal grid-plate capacitance of the tube and causes the 
amplifier to oscillate. In order to neutralize an amplifier, one or two 
capacitors are inserted in the circuit in such a way that RF energy is 
fed back from the plate circuit to the grid circuit 180 degrees out of 
phase with the energy being fed back through the tube's grid-plate 
capacitance. The two energies cancel each other out and the stage 
ceases to oscillate. 

The added neutralizing capacitors are made variable and are 
adjusted for maximum cancellation of the energy fed back via the 
tube's internal capacitance. 
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4AG-7.8 What order of Q is required by a tank-circuit sufficient to 
reduce harmonics to an acceptable level? 
A. Approximately 120 
B. Approximately 12 _ 
C. Approximately 1200 
D. Approximately 1.2 
The answer is B. A tank-circuit Q of 10 to 20 is recommended. 


4AG~7.9 How can parasitic oscillations be eliminated from a power 
amplifier? 
A. By tuning for maximum SWR 
B. By tuning for maximum power output 
C. By neutralization 
D. By tuning the output 

The answer is C. Parasitic oscillations are not easy to cure. In 
addition to neutralization, one or more of the following may be tried 
in order to eliminate parasitic oscillations: 

(a) Insert a small, non-inductive resistor in series with the plate 
and/or grid of the stage where the oscillations occur. 

(b) Change the "dress" of the leads. Shielding some leads may be 
necessary. 

(c) Insert low value RF chokes in series with the plate and/or 
screen leads. 

(d) Insert low value RF chokes shunted by low value resistors in 
series with the plate lead and/or grid lead. 

(e) Heavily bypass points in the circuit that should be "cold" to 
RF, 

(f) Install a low-pass filter at the output of the power amplifier. 


4AG~7.10 What is the procedure for tuning a power amplifier having 

an output pi-network? 

A. Adjust the loading capacitor to maximum capacitance and then dip 
the plate current with the tuning capacitor 

B. Alternately increase the plate current with the tuning capacitor 
and dip the plate current with the loading capacitor 

C. Adjust the tuning capacitor to maximum capacitance and then dip 
the plate current with the loading capacitor 

D. Alternately increase the plate current with the loading capacitor 
and dip the plate current with the tuning capacitor 

The answer is D. The proper tune-up procedure for an amplifier 
with a pi-network, such as the one illustrated in Figure 4AG-7.10, is 
as follows: 

(1) Before power is turned on, adjust C3 and C4 for maximum 
capacitance. 

(2) After the power has been turned on and the circuits ahead of 
the RF amplifier stage have been tuned up, adjust C3 for minimum 
reading (dip) on the plate current meter. 

(3) Reduce the capacitance of C4 slightly and observe that the 
plate current rises. 

(4) Readjust C3 for a dip in the plate current. 
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(5) Reduce the capacity of C4 again and note a further rise in 
plate current. 

(6) Readjust C3 for a dip in plate current. 

(7) Repeat steps 5 and 6 until the plate current reading is at its 
recommended value at the "dip" point. C3 should be the last control 
to be adjusted. 


R.F AMP 


= 


= B- OB+ 


Fig. 4AG-7.10. An RF amplifier stage using a Pi-network output circuit. 
Neutralization is not shown. 


4AG-8.1 What is the process of detection? 
A. The process of masking out the intelligence on a received carrier 
to make an S-meter operational 
B. The recovery of intelligence from the modulated RF signal 
C. The modulation of a carrier 
D. The mixing of noise with the received signal 
The answer is B. Detection is the process whereby intelligence is 
extracted from a signal. In the case of an AM or FM signal, 
detection is the process whereby audio is extracted from an RF 
signal. See answer 4AG-8.2. 


4AG-8.2 What is the principle of detection in a diode detector? 

A. Rectification and filtering of RF 

B. Breakdown of the Zener voltage 

C. Mixing with noise in the transition region of the diode 

D. The change of reactance in the diode with respect to frequency 
The answer is A. The simplest detector or demodulator consists of 

a diode and a capacitor. See Figure 4AG-8.2. The diode rectifies or 

cuts off either the positive or negative portion of the carrier. The 

capacitor filters out the high frequency carrier component, leaving 

the low frequency information or audio, The rectifying device can 

either be a vacuum tube or semiconductor diode. 


4AG-8.3 What is a product detector? 

A. A detector that provides local oscillations for input to the mixer 
B. A detector that amplifies and narrows the band-pass frequencies 
C. A detector that uses a mixing process with a locally generated 


carrier 
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Fig. 4AG-8.2. A solid-state detector ciruit. 


D. A detector used to detect cross-modulation products 

The answer is C. A product detector is generally used for single 
sideband reception. In the product detector, the incoming signal is 
mixed with a B.F.O. signal. The two signals are multiplied together to 
produce an audio signal. The name "product" comes from the 
multiplying process. 


4AG-8.4 How are FM-phone signals detected? 
A. By a balanced modulator B. By a frequency discriminator 
C. By a product detector D. By a phase splitter 

The answer is B. FM signals are detected by a discriminator or 
ratio detector. These detectors produce voltage or amplitude 
variations from the frequency variations of an FM signal. See answer 
chai Os 


4AG-8.5 What is a frequency discriminator? 
A. A circuit for detecting FM signals 


B. A circuit for filtering two closely adjacent signals 
C. An automatic bandswitching circuit 
D. An FM generator 

The answer is A. A frequency discriminator is a type of detector 
that is used to detect FM signals. A basic discriminator circuit is 
illustrated in Figure 4AG-8.5. The tuned circuit, S1-Cl, is tuned 
slightly above the incoming center FM carrier. The tuned circuit, S2- 
C2 is tuned slightly below the incoming center FM carrier. As the 
FM signal varies in frequency, due to modulation, varying signals will 


LIMITER 
Vi1 
Tl A 
= OUTPUT 
B+ 


Fig. 4AG-8.5. a basic type of frequency discriminator. 
rant 


be impressed across the two tuned circuits. These will be detected in 
V1 and V2, and a varying audio output will appear across AB. 


4AG-8.6 What is the mixing process? 
A. The elimination of noise in a wideband receiver by phase 
comparison 
B. The elimination of noise in a wideband receiver by phase 
differentiation 
C. Distortion caused by auroral propagation 
D. The combination of two signals to produce sum and difference 
frequencies 
The answer is D. The MIXING PROCESS is one in which two AC 
signals are mixed or "beat" together in a common circuit. By mixing 
the two signals together, we produce two new signals, in addition to 
the two original signals. The two new signals are the sum and 
difference of the two original signals. For example, if we mix a 5 
MHz signal together with a 3 MHz signal, we will get new signals of 
8 MHz and 2 MHz, in addition to the original 5 MHz and 3 MHz 
signals. 


4AG-8.7 What are the principal frequencies which appear at the 
output of a mixer circuit? 

A. Two and four times the original frequency 

B. The sum, difference and square root of the input frequencies 
C. The original frequencies and the sum and difference frequencies 
D. 1.414 and 0.707 times the input frequency 

The answer is C. They are the sum and difference of the original 
frequencies, in addition to the original frequencies. 

In the case of a superheterodyne mixer circuit, we are interested 
in the difference of the two frequencies. We call this the Inter- 
mediate Frequency, and we use Intermediate Frequency amplifiers 
tuned to this difference frequency. 


4AG-8.8 What are the advantages of the frequency-conversion 

process? 

A. Automatic squelching and increased selectivity 

B. Increased selectivity and optimal tuned-circuit design 

C. Automatic soft limiting and automatic squelching 

D. Automatic detection in the RF amplifier and increased selectivity 
The answer is B. The two primary advantages of using the 

frequency conversion process in a receiver are better selectivity and 

higher gain. In a receiver using frequency conversion, the incoming 

signal is converted to a lower frequency signal. It is then amplified 

by low frequency tuned stages, called IF amplifiers. Lower frequency 

IF amplifiers permit greater arithmetic selectivity and greater gain. 

The receiver using this process is called the Superheterodyne. 


4AG-8.9 What occurs in a receiver when an excessive amount of 
signal energy reaches the mixer circuit? 
A. Spurious mixer products are generated 

G-18 


B. Mixer blanking occurs C. Automatic limiting occurs 
D. A beat frequency is generated 

The answer is A. Strong signals at the mixer will overload the 
mixer to a point where undesirable, spurious signals will be 
produced. The harmonics of the strong signals will "beat" with other 
signals and produce new, unwanted signals. Strong signals will also 
impair the conversion gain and selectivity of the mixer circuit. 


4AG-9.1 How much gain should be used in the RF amplifier stage of 
a receiver? 
A. As much gain as possible short of self oscillation 
B. Sufficient gain to allow weak signals to overcome noise generated 
in the first mixer stage 
C. Sufficient gain to keep weak signals below the noise of the first 
mixer stage 
D. It depends on the amplification factor of the first IF stage 
The answer is B. The RF amplifier stage should have sufficient 
gain so that the signal reaching the mixer stage is large enough to 
override the mixer noises. We don't want the RF stage to have too 
much gain because we don't want too strong a signal to enter the 
mixer (see answer 4AG-8.9). However, since most noise is generated 
in the mixer stage, we should have a large enough signal in the 
mixer so that the stages amplifying the output of the mixer will 
amplify a large signal compared to the noise. 


4AG~9.2 Why should the RF amplifier stage of a receiver only have 
sufficient gain to allow weak signals to overcome noise generated in 
the first mixer stage? 
A. To prevent the sum and difference frequencies from being 
generated 
B. To prevent bleed-through of the desired signal 
C. To prevent the generation of spurious mixer products 
D. To prevent bleed-through of the local oscillator 
The answer is C. We don't want strong signals in the mixer stage 
because they tend to produce spurious beats and degrade the 
conversation gain and selectivity of the mixer. See answer 4AG-8.9. 


4AG-9.3 What is the primary purpose of an RF amplifier in a 
receiver? 
. To provide most of the receiver gain 
. To vary the receiver image rejection by utilizing the AGC 
. To improve the receiver's noise figure 
. To develop the AGC voltage 

The answer is C. The important reasons for the use of an RF 
amplifier are: (1) To improve the image rejection of the receiver. (2) 
to improve the selectivity of the receiver, and (3) to increase the 
strength of the signal enough to overcome the mixer noise. 
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4AG~9.4 What is an i-f amplifier stage? 
A. A fixed-tuned pass-band amplifier 
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B. A receiver demodulator 
C. A receiver filter 
D. A buffer oscillator 

The answer is A. An IF amplifier stage is the Intermediate 
Frequency amplifier that follows the mixer. It is tuned to the 
difference frequency between the incoming signal and the local 
oscillator signal. It is tuned to a low fixed frequency and can, 
therefore, give adequate gain and good selectivity. 


4AG-9.5 What factors should be considered when selecting an inter- 
mediate frequency? 
A. Cross-modulation distortion and interference 
B. Interference to other services 
C. Image rejection and selectivity 
D. Noise figure and distortion 

The answer is C. In choosing an Intermediate Frequency, we must 
consider image response, selectivity and gain. In order to reject 
images, the IF frequency chosen should be high. However, in order 
to have good selectivity and gain, the i-f frequency should be low. 
A compromise frequency is therefore used. 


4AG-9.6 What is the primary purpose of the first i-f amplifier stage 
in a receiver? 
A. Noise figure performance 
B. Tune out cross-modulation distortion 
C. Dynamic response 
D. Selectivity 

The answer is D. See answer 4AG-9.5. It is important to select 
the desired signal and reject undesired signals on nearby frequencies 
in the first i-f stage of a receiver. If we do not do this, the 
undesired signals will be amplified and will get through to the 
detector and will cause interference. 


4AG-9.7 What is the primary purpose of the final i-f amplifier stage 
in a receiver? 
A. Dynamic response B. Gain 
C. Noise figure performance D. Bypass undesired signals 

The answer is B. See answers 4AG-9.5 and 4AG-9.6. Once we have 
selected the desired signal and rejected the undesired signals in the 
first i-f stage, we are interested in increasing the amplitude of the 
desired signal. The primary purpose of the final i-f amplifier is to 
increase the amplitude of the desired signal so that a strong signal 
can be delivered to the detector. 


4AG-10.1 What type of circuit is shown in Figure 4AG-10? 

A. Switching voltage regulator B. Linear voltage regulator 

C. Common emitter amplifier D. Emitter follower amplifier 
The answer is C. 


4AG-10.2 In Figure 4AG-10, what is the purpose of Rl and R2? 
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Fig. 4AG-10 (Refer to questions 4AG-10.1 through 4AG-10.5) 


A. Load resistors B. Fixed bias 
C. Self bias D. Feedback 

The answer is B. Rl and R2 form a voltage divider across the 
supply voltage. Its purpose is to develop the DC base bias voltage. 


4AG-10.3 In Figure 4AG-10, what is the purpose of Cl? 
A. Decoupling B. Output coupling 
C. Self bias D. Input coupling 

The answer is D. Cl is a coupling capacitor. It couples the signal 
from the previous stage to the base while, at the same time, 
preventing the DC of the previous stage from getting to the base. 


4AG-10.4 In Figure 4AG-10, what is the purpose of C3? 
A. AC feedback B. Input coupling 
C. Power supply decoupling D. Emitter bypass 
The answer is D. C3 is a large capacitor whose purpose is to 
bypass the emitter bias resistor R3. 


4AG-10.5 In Figure 4AG-10, what is the purpose of R3? 
A. Fixed bias B. Emitter bypass 
C. Output load resistor D. Self bias 
The answer is D. R3 is the emitter bias resistor and behaves in a 
similar manner to a cathode bias resistor in a vacuum tube amplifier. 


4AG-11.1 What type of circuit is shown in Figure 4AG-11? 
+ 
ae 
C2 
feesoxl) 


Figure 4AG-11 
(Refer to questions 4AG-11.1 through 11.4) 
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A. High-gain amplifier B. Common-collector amplifier 

C. Linear voltage regulator D. Grounded-emitter amplifier 
The answer is B. Figure 4AG-ll shows a common collector 

transistor amplifier stage. Another name for Figure 4AG-11 is an 

"emitter-follower" stage. 


4AG-11.2 In Figure 4AG-11, what is the purpose of R? 
A. Emitter load B. Fixed bias 
C. Collector load D. Voltage regulation 
The answer is A. R is part of the DC bias network. It is also the 
load resistor across which the output is taken. 


4AG-11.3 In Figure 4AG-11, what is the purpose of Cl? 
A. Input coupling B. Output coupling 
C. Emitter bypass D. Collector bypass 

The answer is D. Cl grounds the collector for the AC signal 
frequency and permits the signal to be applied between the base and 
ground. The collector is common to both the base and emitter circuit. 


4AG-11.4 In Figure 4AG-11, what is the purpose of C2? 
A. Output coupling B. Emitter bypass 
C. Input coupling D. Hum filtering 

The answer is A. C2 is the output coupling capacitor. It couples 
the signal from this stage to the next stage. At the same time, it 
blocks the DC of the emitter from getting to the input of the next 
stage. 


4AG-12.1 What type of circuit is shown in Figure 4AG-12? 
A. Switching voltage regulator B. Grounded emitter amplifier 
C. Linear voltage regulator D. Emitter follower 

The answer is C. Figure 4AG-12 is a voltage regulator circuit 
using a Zener diode and "pass" transistor. A voltage regulator circuit 
is used in a power supply to maintain a constant, stable output 
voltage, regardless of load changes. 


4AG-12.2 What is the purpose of D1 in the circuit shown in Figure 


Figure 4AG-12 
(Refer to questions 4AG-12.1 through 4AG-12.8) 
G=z2 


4AG-12? 
A. Line voltage stabilization B. Voltage reference 
C. Peak clipping r D. Hum filtering 
The answer is B. Dl is a Zener diode. It is used as a stable 
reference voltage and sets the transistor's base current. 


4AG-12.3 What is the purpose of Q1 in the circuit shown in Figure 
4AG-12? 
A. It increases the output ripple 
B. It provides a constant load for the voltage source 
C. It increases the current handling capability 
D. It provides D1 with current 

The answer is C. Q1 is the PASS transistor. The output current of 
the power supply flows through this pass transistor. This type of 
circuit can handle larger current and voltage variations than the 
simpler Zener type of regulator. 


4AG-12.4 What is the purpose of Cl in the circuit shown in Figure 
4AG-12? 
A. It resonates at the ripple frequency 
B. It provides fixed bias for Ql 
C. It decouples the output 
D. It filters the supply voltage 

The answer is D. Cl is a filter capacitor. It is an electrolytic 
capacitor of high value. Its purpose is to filter out the 60 cycle AC 
ripple of the power supply. 


4AG-12.5 What is the purpose of C2 in the circuit shown in Figure 
4AG-12? 
. It bypasses hum around D1 
. It is a brute force filter for the output 
. To self resonate at the hum frequency 
. To provide fixed dc bias for Ql 
The answer is A. 
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4AG-12.6 What is the purpose of C3 in the circuit shown in Figure 
4AG-12? 
A. It prevents self-oscillation 
B. It provides brute force filtering of the output 
C. It provides fixed bias for Ql 
D. It clips the peaks of the ripple 
The answer is A. C3 is an RF bypass capacitor. Its purpose is to 
remove any RF that might have gotten into the power supply. 


4AG-12.7 What is the purpose of RI in the circuit shown in Figure 
4AG-12? 
A. It provides a constant load to the voltage source 
B. It couples hum to D1 
C. It supplies current to Dl 
D. It bypasses hum around D1 
Gr23 


The answer is C. Rl supplies bias for the transistor. It provides 
for a safe Zener diode current. 


4AG-12.8 What is the purpose of R2 in the circuit shown in Figure 
4AG-12? 
A.It provides fixed bias for Ql 
B. It provides fixed bias for Dl 
C. It decouples hum from Dl 
D. It provides a constant minimum load for Ql 

The answer is D. R2 is a bleeder resistor. It helps in the voltage 
regulation process and discharges the capacitors after the power is 
turned off. 


4AG-13.1 What value capacitor would be required to tune a 20- 
microhenry inductor to resonate in the 80 meter wavelength band? 
A. 150 picofarads B. 200 picofarads 
C. 100 picofarads D. 100 microfarads 

The answer is C. We will assume that the question refers to the 
75/80 meter wavelength band which is from 3500 to 4000 kHz. The 
center of this band is 3,750 kHz. Therefore, we are looking for the 
value of a capacitor which would be required to tune a 20 microhenry 
inductor to resonate at 3,750 kHz. 

We use the basic resonance formula but solve for C. 


10° where: fy is the resonant frequency in kHz. 


————— 

J on SLO m = 3.14 
L is inductance in microhenries 
C is capacitance in picofarads 


6 12 12 
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2nfy An* fe? a An’f,’L 
We now substitute the given values and solve the equation. 
ts 10" ¥ 10° “ 
C=FX 9.86 X 14,062,500 X20 ~ 110925 ~ 0” pt 


A 90.2 pF capacitor will cause the circuit to resonate in the 
center of the band. If we substitute the given answer of 100 pF in 
the basic resonance formula, the circuit will resonate at 3560 kHz, 
which is still inside the band. 


4AG-13.2 What value inductor would be required to tune a 100-pico- 
farad capacitor to resonate in the 40 meter wavelength band? 
A. 200 microhenrys B. 150 microhenrys 
C.5 millihenrys D. 5 microhenrys 

The answer is D. The center of the 40 meter wavelength band is 
7,150 kHz. We use the basic resonance formula and solve for L, using 
the method given in answer 4AG-13.1. We arrive at the formula: 


10' 2 
An’ fr’°C 
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We now substitute the given values and solve the equation. 


-. 10” 7 ee | 
L =7X 986 X 51,122,500 X 100 ~ ~2016.2714 = 496 microhenrys 


4AG-13.3 What value capacitor would be required to tune a 2-micro— 
henry inductor to resonate in the 20 meter wavelength band? 
A. 64 picofarads B. 6 picofarads 
C. 12 picofarads D. 88 microfarads 

The answer is A. The center of the 20 meter wavelength band is 
14,175 kHz. We use the method and formula of answer 4AG-13.1 to 
solve the problem. 


~ 4 X 9.86 X 200,930,625 X2 158.49 eee 


4AG-13.4 What value inductor would be required to tune a 15-pico- 
farad capacitor to resonate in the 15 meter wavelength band? 
A. 2 microhenrys B. 30 microhenrys 
C. 4 microhenrys D. 15 microhenrys 
The answer is C. The center of the 15 meter wavelength band is 
21,225 kHz. We use the method and formula of answer 4AG-13.2 to 
solve the problem. 
L ia tan A IE ratte yg rn A a 3.75 microhenrys 
4 X 9.86 X 450,500,620 X 15 266,516.16 ; 
4AG-13.5 What value capacitor would be required to tune a 100-mi- 
crohenry inductor to resonate in the 160 meter wavelength band? 
A. 78 picofarads B. 25 picofarads 
C. 405 picofarads D. 40.5 microfarads 
The answer is A. The center of the 160 meter wavelength band 
is 1900 kHz. We use the method and formula of answer 4AG-13.1 to 
solve the problem. 


4 X 9.86 X 3,610,000 X 100 14,237.84 ae 


If we substitute the given answer of 78 pF in the basic resonance 
formula, it would still fall in the 160 meter wavelength band. 
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SUBELEMENT 4AH 
SIGNALS AND EMISSIONS 
(6 questions) 


4AH-1.1 What is emission A3C? 

A. Facsimile Ethel dey, Gey Ao: D. Slow Scan TV 
The answer is A. A3C refers to amplitude modulated facsimile. 

According to the WARC emission symbols, the "A" stands for 

"amplitude modulated double sideband", the "3" refers to "modulated 

with analog information" and the "C" refers to "facsimile". See 

appendixes AP-l and AP-2. 


4AH-1.2 What type of emission is produced when an amplitude 
modulated transmitter is modulated by a facsimile signal? 
A. A3F Bon Sis eek BD, E35 

The answer is B. See answer 4AH-1.1. 


4AH-1.3 What is facsimile? 

A. The transmission of tone-modulated telegraphy 

B. The transmission of a pattern of printed characters designed to 
form a picture 

C. The transmission of printed pictures by electrical means 

D. The transmission of moving pictures by electrical means 
The answer is C. See answer 4AB-1.1. 


4AH-1.4 What is emission F3C? 
A. Voice transmission B. Slow Scan TV 
GROEN D. Facsimile 
The answer is D. F3C refers to frequency modulated facsimile. 


4AH-1.5 What type of emission is produced when a frequency 
modulated transmitter is modulated by a facsimile signal? 
Aw k3G B. A3C Cry oe D. A3F 

The answer is A. See answers 4AH-1.1 and 4AH-1.4. 


4AH-1.6 What is emission A3F? 

A. RTTY B. Television C.SSB D. Modulated CW 
The answer is B. A3F refers to amplitude modulated television. 

See appendix AP-l. 


4AH-1.7 What type of emission is produced when an amplitude 
modulated transmitter is modulated by a television signal? 
A. F3F B. A3F C. A3C D. F3C 

The answer is B. See appendix AP-l. 


4AH-1.8 What is emission F3F? 
A. Modulated CW B. Facsimile GrcKR Tee ¥ D. Television 
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The answer is D. F3F refers to frequency modulated television. 


4AH-1.9 What type of emission is produced when a frequency 
modulated transmitter is modulated by a television signal? 
A. A3F B.A3C Ce Bad Dink 3G 

The answer is C. See answer 4AH-1.8 and appendix AP-l. 


4AH-1.10 What type of emission results when a single sideband 
transmitter is used for slow-scan television? 
Pool Bek Be or GJASE DewdsE 

The answer is D. "J" stands for "single sideband, suppressed 
carrier", the "3" stands for "modulated with analog information" and 
the "F" refers to "television". See appendix AP-1l. 


4AH-2.1 How can an FM-phone signal be produced? 
. By modulating the supply voltage to a class-B amplifier 
- By modulating the supply voltage to a class-C amplifier 
. By using a reactance modulator on an oscillator 
. By using a balanced modulator on an oscillator 

The answer is C. In an FM transmitter, the audio signal causes 
the FREQUENCY or PHASE of a carrier signal to vary in accordance 
with the amplitude of the modulating audio signal. If the amplitude 
of the audio increases, the FREQUENCY or PHASE is shifted more, 
and vice versa. See Figure 4AH-2.1. 
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Fig. 4AH-2.1. AM and FM compared. 


4AH-2.2 How can a double-sideband phone signal be produced? 

. By using a reactance modulator on an oscillator 

. By varying the voltage to the varactor in an oscillator circuit 

. By using a phase detector, oscillator and filter in a feedback loop 

- By modulating the plate supply voltage to a class C amplifier 
The answer is D. In an AM transmitter, the audio signal causes 

the AMPLITUDE of a carrier signal to vary in accordance with the 

amplitude of the modulating audio signal. If the amplitude of the 

audio signal increases, the AMPLITUDE of the carrier goes up, and 
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vice versa. See Figure 4AH-2.1. 


4AH-2.3 How can a single-sideband phone signal be produced? 
A. By producing a double sideband signal with a balanced modulator 
and then removing the unwanted sideband by filtering 
B. By producing a double sideband signal with a balanced modulator 
and then removing the unwanted sideband by heterodyning 
C. By producing a double sideband signal with a balanced modulator 
and then removing the unwanted sideband by mixing 
D. By producing a double sideband signal with a balanced modulator 
and then removing the unwanted sideband by neutralization 
The answer is A. In a single sideband transmitter, the audio and 
RF signal are combined in a balanced modulator. The balanced 
modulator generates a double-sideband suppressed carrier signal. 
This double sideband signal is passed through a sideband filter 
which removes the lower sidebands and a single sideband signal 
emerges at the output of the filter. 


4AH-3.1 What is meant by the term deviation ratio? 

A. The ratio of the audio modulating frequency to the center carrier 
frequency 

B. The ratio of the maximum carrier frequency deviation to the 
highest audio modulating frequency 

C. The ratio of the carrier center frequency to the audio modulating 
frequency 

D. The ratio of the highest audio modulating frequency to the 
average audio modulating frequency 
The answer is B. The DEVIATION RATIO refers to an FM signal. 

The deviation ratio determines the maximum bandwidth of the 

modulated signal. 


4AH-3.2 In an FM-phone signal, what is the term for the maximum 
deviation from the carrier frequency divided by the maximum audio 
modulating frequency? 
A. Deviation index B. Modulation index 
C. Deviation ratio D. Modulation ratio 

The answer is C. See answer 4AH-3.1. 


4AH-3.3 What is the deviation ratio for an FM-phone signal having 
a maximum frequency swing of plus or minus 5 kHz and accepting a 
maximum modulation rate of 3 kHz? 
A. 60 Beelo C x06 D. 1.66 

The answer is D. It is equal to 5 divided by 3, which is equal to 
1.66. 


4AH-3.4 What is the deviation ratio of an FM-phone signal having a 
maximum frequency swing of plus or minus 7.5 kHz and accepting 
a maximum modulation rate of 3.5 kHz? 
As 2.14 B. 0.214 C. 0.47 D. 47 
The answer is A. It is equal to 7.5 divided by 3.5, which is equal 
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to 2.14. See question 4AH-3.1. 


4AH-4.1 What is meant by the term modulation index? 
A. The processor index 
B. The ratio between the deviation of a frequency modulated signal 
and the modulating frequency 
C. The FM signal-to-noise ratio 
D. The ratio of the maximum carrier frequency deviation to the 
highest audio modulating frequency 
The answer is B. The MODULATION INDEX is the ratio of the 
carrier deviation at a specific instant to the frequency of the specific 
audio signal that caused it. The modulation index is useful because 
it helps determine the strength and number of FM sidebands under 
various conditions of modulation. 


4AH-4.2 In an FM-phone signal, what is the term for the ratio 
between the deviation of the frequency modulated signal and the 
modulating frequency? 
A. FM compressibility B. Quieting index 
C. Percentage of modulation D. Modulation index 

The answer is D. See answer 4AH-4.1. 


4AH-4.3 How does the modulation index of a phase-modulated 

emission vary with the modulated frequency? 

A. The modulation index increases as the RF carrier frequency (the 
modulated frequency) increases 

B. The modulation index decreases as the RF carrier frequency (the 
modulated frequency) increases 

C. The modulation index varies with the square root of the RF 
carrier frequency (the modulated frequency) 

D. The modulation index does not depend on the RF carrier 
frequency (the modulated frequency) 
The answer is D. The modulation index depends upon the 

DEVIATION” ot “the “RF carrier’ and not the frequency” of thes ne 

carrier. See discussion to question 4AH-4.1. 


4AH-4.4 In an FM-phone signal having a maximum frequency 
deviation of 3000 Hz either side of the carrier frequency, what is the 
modulation index when the modulating frequency is 1000 Hz? 
Asi3 Bi, 0.8 C. 3000 D. 1000 

The answer is A. It is 3000 divided by 1000, which is equal to 3. 
See question 4AH-4.1. 


4AH-4.5 What is the modulation index of an FM-phone transmitter 
producing an instantaneous carrier deviation of 6 kHz when 
modulated with a 2-kHz modulating frequency? 
A. 6000 BS C. 2000 D. 1/3 

The answer is B. It is 6 divided by 2, which is equal to 3. See 
question 4AH-4.1. 


4AH-5.1 What are electromagnetic waves? 


A. Alternating currents in the core of an electromagnet 
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B. A wave consisting of two electric fields at right angles to each 
other 
C. A wave consisting of an electric field and a magnetic field at 
right angles to each other 
D. A wave consisting of two magnetic fields at right angles to each 
other 
The answer is C. The currents flowing in the antenna create an 
electromagnetic field which is pushed out from the antenna and into 
space. The radiated wave consists of a magnetic field and an 
electrostatic field whose planes are at right angles to each other. 
Both fields are at right angles to the direction in which the wave is 
traveling. This is illustrated in Figure 4AH-5.1. The direction of the 
radiated wave is from the page toward the reader. 
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Fig. 4AH-5.1. Fields of a radiated wave. 


4AG-5.2 What is a wave front? 
A. A voltage pulse in a conductor 
B. A current pulse in a conductor 
C. A voltage pulse across a resistor 
D. A fixed point in an electromagnetic wave 

The answer is D. The radiated energy from an antenna is in the 
form of an expanding sphere. A small section of this sphere is called 
a WAVE FRONT. It is perpendicular to the direction of travel of the 
energy. At a considerable distance from the antenna, the wave front 
can be considered as a plane surface at right angles to the direction 
of propagation. 


4AH-5.3 At what speed do electromagnetic waves travel in free 
space? 
A. Approximately 300 million meters per second 
B. Approximately 468 million meters per second 
C. Approximately 186,300 feet per second 
D. Approximately 300 million miles per second 
The answer is A. They travel at the rate of 300,000,000 meters per 
second (186,000 miles per second) in free space. 


4AH-5.4 What are the two interrelated fields considered to make up 
an electromagnetic wave? 
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. An electric field and a current field 

. An electric field and a magnetic field 

. An electric field and a voltage field 

. A voltage field and a current field 
The answer is B. See answer 4AH-5.1. 
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4AH-5.5 Why do electromagnetic waves not penetrate a good 
conductor to any great extent? 
A. The electromagnetic field induces currents in the insulator 
B. The oxide on the conductor surface acts as a shield 
C. Because of Eddy currents 
D. The resistivity of the conductor dissipates the field 

The answer is C. This is because the electromagnetic lines of 
force will induce currents that will short-circuit themselves in a good 
conductor. These induced currents are called Eddy currents. 


4AH-6.1 What is meant by referring to electromagnetic waves 
traveling in free space? 
A. The electric and magnetic fields eventually become aligned 
B. Propagation in a medium with a high refractive index 
C. The electromagnetic wave encounters the ionosphere and returns 
to its source 
D. Propagation of energy across a vacuum by changing electric and 
magnetic fields 
The answer is D. When we refer to travel in free space, we mean 
travel in a vacuum where there is nothing for the wave to collide 
with. The speed of electromagnetic radiation is less in air and still 
less in solid mediums than it is in "free space". 


4AH-6.2 What is meant by referring to electromagnetic waves as 
horizontally polarized? 
A. The electric field is parallel to the earth 
B. The magnetic field is parallel to the earth 
C. Both the electric and magnetic fields are horizontal 
D. Both the electric and magnetic fields are vertical 

The answer is A. Horizontally polarized electromagnetic waves 
mean that the electric field component of the wave is in a horizontal 
plane (parallel to the earth's surface). 


4AH-6.3 What is meant by referring to electromagnetic waves as 
having circular polarization? 

. The electric field is bent into a circular shape 
. The electric field rotates 
. The electromagnetic wave continues to circle the earth 
. The electromagnetic wave has been generated by a quad antenna 

The answer is B. If one element of a two-element turnstile 
antenna is vertical and the other element is horizontal, an electro- 
magnetic wave will be radiated, which will have CIRCULAR POLARI- 
ZATION. A circularly polarized wave will be received well with either 
a vertical or horizontal antenna. 

H-6 
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4AH-6.4 When the electric field is perpendicular to the surface of the 
earth, what is the polarization of the electromagnetic wave? 
A. Circular B. Horizontal C. Vertical D. Elliptical 

The answer is C. The polarization is vertical because it is the 
same as the electric component of the wave. 


4AH-6.5 When the magnetic field is parallel to the surface of the 
earth, what is the polarization of the electromagnetic wave? 
A. Circular B. Horizontal OC. Elliptical D. Vertical 

The answer is D. When the magnetic field is parallel to the 
surface of the earth, the electric field is perpendicular to the earth's 
surface. Therefore, the polarization of the wave is vertical. 


4AH-6.6 When the magnetic field is perpendicular to the surface of 
the earth, what is the polarization of the electromagnetic field? 
A. Horizontal B. Circular C. Elliptical D. Vertical 

The answer is A. When the magnetic field is perpendicular to the 
surface of the earth, the electric field is parallel to the earth's 
surface. Therefore, the wave is horizontally polarized. 


4AH-6.7 When the electric field is parallel to the surface of the 
earth, what is the polarization of the electromagnetic wave? 
A. Vertical B. Horizontal OC. Circular D. Elliptical 

The answer is B. When the electric field is parallel (horizontal) to 
the earth, the electromagnetic wave is horizontally polarized. 


4AH-7.1 What is a sine wave? 

A. A constant-voltage, varying-current wave 

B. A wave whose amplitude at any given instant can be represented 
by a point on a wheel rotating at a uniform speed 

C. A wave following the laws of the trigonometric tangent function 

D. A wave whose polarity changes in a random manner 

The answer is B. Figure 4AH-7.1 illustrates a graph of the voltage 
or current of a basic AC sine wave. The word "sine" is a trigonom- 
etry term. The wave is called a "sine" wave because its amplitude, at 
any instant, bears a certain relationship to the sine of the angle at 
that instant. 

The AC sine wave continuously varies its amplitude and reverses 
its direction periodically. When the wave is above the zero line, it 
indicates that current flows in one direction; when the wave is below 
the zero line, it indicates that the current flows in the opposite 
direction. 


Fig. 4AH-7.1. A sine wave. 
B= 


4AH-7.2 How many times does a sine wave cross the zero axis in one 
complete cycle? 
A. 180 times B. 4 times C. 2 times D. 360 times 

The answer is C. 


4AH-7.3 How many degrees are there in one complete sine wave 

cycle? 

A. 90 degrees BB. 270 degrees C. 180 degrees D. 360 degrees 
The answer is D. 


4AH-7.4 What is the period of a wave? 
. The time required to complete one cycle 
. The number of degrees in one cycle 
. The number of zero crossings in one cycle 
. The amplitude of the wave 

The answer is A. The period of a wave is the time it takes to 
complete a full cycle of 360 degrees. For example, a 60 cycle wave 
has a frequency of 60 cycles per second. Each cycle therefore takes 
1/60 of a second, or 0.0167 sec. The period is, therefore, 0.0167 sec. 
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4AH-7.5 What is a square wave? 
. A wave with only 300 degrees in one cycle 
. A wave which abruptly changes back and forth between two 
voltage levels and which remains an equal time at each level 
. A wave that makes four zero crossings per cycle 
. A wave in which the positive and negative excursions occupy 
unequal portions of the cycle time 
The answer is B. A square wave is an AC wave with vertical or 
near vertical sides. See Figure 4AH-7.5. A square wave is a combina- 
tion of a sine wave and a large number of odd harmonics (3rd, 5th, 
7th, etc.). The greater the number of odd harmonics, the squarer the 
wave will be. 
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Fig. 4AH-7.5. A square wave. 


4AH-7.6 What is a wave called which abruptly changes back and forth 
between two voltage levels and which remains an equal time at each 
level? 
A. A sine wave B. A cosine wave 
C. A square wave D. A rectangular wave 

The answer is C. See answer 4AH-7.5. 


4AH-7.7 Which sine waves make up a square wave? 
A. 0.707 times the fundamental frequency 
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B. The fundamental frequency and all odd and even harmonics 
C. The fundamental frequency and all even harmonics 
D. The fundamental frequency and all odd harmonics 

The answer is D. See answer 4AH-7.5. 


4AH-7.8 What type of wave is made up of sine waves of the 
fundamental frequency and all the odd harmonics? 
A. Square wave B. Sine wave 
C. Cosine wave D. Tangent wave 
The answer is A. See answer 4AH-7.5. 


4AH-7.9 What is a sawtooth wave? 
A. A wave that alternates between two values and spends an equal 
time at each level 
B. A wave with a straight line rise time faster than the fall time (or 
vice versa) 
C. A wave that produces a phase angle tangent to the unit circle 
D. A wave whose amplitude at any given instant can be represented 
by a point on a wheel rotating at a uniform speed 
The answer is B. A sawtooth wave is a wave whose graph 
resembles the teeth of a saw blade. See Figure 4AH-7.9. Note that 
this saw tooth wave has a gradual rise and a rapid fall. The sawtooth 
wave is the resultant of a sine wave and a large number of its ODD 
AND EVEN harmonics. 


Fig. 4AH-7.9. A sawtooth wave. 


4AH-7.10 What type of wave is characterized by a rise time signif- 
icantly faster than the fall time (or vice versa)? 
A. A cosine wave B. A square wave 
C. A sawtooth wave D. A sine wave 
The answer is C. See answer 4AH-7.9. 


4AH-7.11 Which sine waves make up a sawtooth wave? 
. The fundamental frequency and all prime harmonics 
. The fundamental frequency and all even harmonics 
. The fundamental frequency and all odd harmonics 
. The fundamental frequency and all harmonics 

The answer is D. See answer 4AH-7.9. 
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4AH-7.12 What type of wave is made up of sine waves at the 
fundamental frequency and all the harmonics? 
A. A sawtooth wave B. A square wave 
C. A sine wave D. A cosine wave 
The answer is A. See answer 4AH-7.9. 
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4AH-8.1 What is the meaning of the term root mean square value of 

an AC voltage? 

A. The value of an AC voltage found by squaring the average value 
of the peak AC voltage 

B. The value of a DC voltage that would cause the same heating 
effect in a given resistor as a peak AC voltage 

C. The value of an AC voltage that would cause the same heating 
effect in a given resistor as a DC voltage of the same value 

D. The value of an AC voltage found by taking the square root of 
the average AC value 
The answer is C. The root-mean-square (RMS) value of an AC 

voltage is also called the EFFECTIVE VALUE, and is equal to 0.707 

x the peak AC value. 


4AH-8.2 What is the term used in reference to a DC voltage that 
would cause the same heating in a resistor as a certain value of AC 
voltage? 
A. Cosine voltage B. Power factor 
C. Root mean square D. Average voltage 

The answer is C. It is called the Root Mean Square (RMS) value 
or effective value. See answer 4AH-8.1. 


4AH-8.3 What would be the most accurate way of determining the rms 
voltage of a complex waveform? 
A. By using a grid dip meter 
B. By measuring the voltage with a D'Arsonval meter 
C. By using an absorption wavemeter 
D. By measuring the heating effect in a known resistor 
The answer is D. We can also use a meter specifically designed 
for this purpose. 


4AH-8.4 What is the rms voltage at a common household electrical 
power outlet? 
FNS td by Coa ING Beo3laV. AG OR AM Ee D. 165.55VeaG 


The answer is A. It varies from approximately 110 to 125 volts 
AC. 


4AH-8.5 What is the peak voltage at a common household electrical 
outlet? 
A. 234 volts B..165,5. volts tL ex Ole D.. 33) yelte 

The answer is B. It is the effective voltage multiplied by 1.41; or 
Ll ve Vi eek. 2 a1 bis Olt 


4AH-8.6 What is the peak-to-peak voltage at a common household 

electrical outlet? 

A. 234 volts Belli volts C. 331 volts D. 165.5 volts 
The answer is C. It is twice the peak voltage. See answer 4AH- 

8.5. lt.1s, therefore, 2 .x2165.0r 530 volts. 


4AH-8.7 What is the rms voltage of a 165-volt peak pure sine wave? 
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Pezoony AC B. 330-V AC Geaees-V AC DRLiaVAG 
The answer is D. It is the peak voltage x 0.707. It is therefore 165 
x 0.707 = 117 volts. 


4AH-8.8 What is the rms value of a 33l-volt peak-to-peak pure sine 
wave? 
A.117-V AC Bail65=W AG C.42342V BAC D9300-M AC 

The answer is A. First we divide by 2 to arrive at the peak 
voltage. 331/2 = 165.5 volts. Then we multiply by 0.707 to get the 
RMS voltage. 165.5 x 0.707 = 117 volts. 


4AH-9.1 For many types of voices, what is the ratio of PEP to 

average power during a modulation peak in a single-sideband phone 

signal? 

A. Approximately 1.0 to 

C. Approximately 2.5 to 
The answer is C. 


1 B. Approximately 25 to l 
i D. Approximately 100 to 1 
4AH-9.2 In a single-sideband phone signal, what determines the 
PEP-to-average power ratio? 
A. The frequency of the modulating signal 
B. The degree of carrier suppression 
C. The speech characteristics 
D. The amplifier power 

The answer is C. It is determined by waveform characteristics of 
the modulating signal. This ratio changes somewhat with different 
speech characteristics. 


4AH-9.3 What is the approximate DC input power to a Class B RF 
power amplifier stage in an FM-phone transmitter when the PEP 
output power is 1500 watts? 
A. Approximately 900 watts B. Approximately 1765 watts 
C. Approximately 2500 watts D. Approximately 3000 watts 

The answer is C. In an FM-phone transmitter, the amplitude of 
the output signal is constant. Therefore, the PEP output power is 
the same as the actual carrier output power. The amount of output 
power depends upon the efficiency of the output stage. A Class B 
amplifier is approximately 603 efficient. In order to find the 
approximate DC input power, we can use the following formula: 


output power 1500 1500 
= = —— = 2500 watts 


efficiency/100 60/100 0.6 


4AH-9.4 What is the approximate DC input power to a Class C RF 
power amplifier stage in a RTTY transmitter when the PEP output 
power is 1000 watts? 
A. Approximately 850 watts B. Approximately 1250 watts 
C. Approximately 1667 watts D. Approximately 2000 watts 

The answer is B. Since a RTTY emission has a constant amplitude, 
the discussion of answer 4AH-9.3 applies here. Class C is 
approximately 80% efficient. Therefore: 
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Input power = 


1000 1000 
Input power = seater =e, 12500 watts 
80/100 0.8 
4AH-9.5 What is the approximate DC input power to a Class AB RF 
power amplifier stage in an unmodulated carrier transmitter when 
the PEP output power is 500 watts? 
A. Approximately 250 watts B. Approximately 600 watts 
C. Approximately 800 watts D. Approximately 1000 watts 
The answer is D. Since an unmodulated carrier transmitter has 
a flat, constant output, the discussion of answer 4AH-9.3 applies 
here. Class AB is approximately 50% efficient. 


500 500 
Input power = ———— = ——= 1000 watts 
50/100 0.5 


4AH-10.1 Where is the noise generated which primarily determines 
the signal-to-noise ratio in a 160 meter wavelength band receiver? 
A. In the detector B. Man-made noise 
C.In the receiver front end D. In the atmosphere 

The answer is D. The signal-to-noise ratio in the 160 meter 
wavelength band is primarily determined by noise generated outside 
of the receiver. It is due primarily to man-made and atmospheric 
noise that is picked up by the antenna. 


4AH-10.2 Where is the noise generated which primarily determines 
the signal-to-noise ratio in a 2 meter wavelength band receiver? 
A. In the receiver front end B. Man-made noise 
C.In the atmosphere D.In the ionosphere 

The answer is A. The signal-to-noise ratio in the 2 meter 
wavelength band is determined by noise generated in the front-end 
(RF amplifier-mixer) of the receiver, primarily in the first stage 
following the antenna. 


4AH-10.3 Where is the noise generated which primarily determines 
the signal-to-noise ratio in a 1.25 meter wavelength band receiver? 
A.In the audio amplifier B.In the receiver front end 
C. In the ionosphere D. Man-made noise 

The answer is B. 


4AH-10.4 Where is the noise generated which primarily determines 
the signal-to-noise ratio in a 0.70 meter wavelength band receiver? 
A. In the atmosphere B. In the ionosphere 
C.In the receiver front end D. Man-made noise 

The answer is C. 


SUBELEMENT 4Al 
ANTENNAS AND FEEDLINES 
(5 questions) 


4AI-1.1 What is meant by the term antenna gain? 

A. The numerical ratio relating the radiated signal strength of an 
antenna to that of another antenna 

B. The ratio of the signal in the forward direction to the signal in 
the back direction 

C. The ratio of the amount of power produced by the antenna 
compared to the output power of the transmitter 

D. The final amplifier gain minus the transmission line losses 

(including any phasing lines present) 

The answer is A. The gain of an antenna is the power output of 
the antenna, divided by the power output of a standard reference 
antenna. The gain is actually a numerical ratio. However, it can be 
expressed in decibels (dB). A gain of +3 dB is equivalent to doubling 
the transmitter power. A gain of +6 dB is equal to multiplying the 
transmitter power by four. 

Two types of reference antennas are used for gain comparison. 
The most common one is a simple dipole mounted several wavelengths 
above ground. The other reference antenna is an isotropic radiator. 
The isotropic radiator is a theoretically perfect antenna that radiates 
equally well in all directions. The simple dipole has a gain of 1.7 dB 
compared to the isotropic standard. Because of the difference in the 
reference antennas, it is important that the dB gain figure for a 
directive antenna include the standard of reference that was used. 


4AI-1.2 What is the term for a numerical ratio which relates the 
performance of one antenna to that of another real or theoretical 
antenna? 
A. Effective radiated power B. Antenna gain 
C. Conversion gain D. Peak effective power 

The answer is B. See answer 4AI-1.1. 


4AI-1.3 What is meant by the term antenna bandwidth? 
. Antenna length divided by the number of elements 
. The frequency range over which an antenna can be expected to 
perform well 
. The angle between the half-power radiation points 
. The angle formed between two imaginary lines drawn through the 
ends of the elements 
The answer is B. Bandwidth can be referenced to SWR. For 
instance, we can say thatina particular antenna, the bandwidth over 
which the antenna has an SWR of better than 1.5 to 1 is from 20 od. 
to 29.9 MHz. 


0Q We 


4AI-1.4 How can the approximate beamwidth of a rotatable beam 
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Fig. 4AI-1.4. Beamwidth measured at half power points. 


antenna be determined? 

A. Note the two points where the signal strength of the antenna is 
down 3 dB from the maximum signal point and compute the 
angular difference 

B. Measure the ratio of the signal strengths of the radiated power 
lobes from the front and rear of the antenna 

C. Draw two imaginary lines through the ends of the elements and 
measure the angle between the lines 

D. Measure the ratio of the signal strengths of the radiated power 
lobes from the front and side of the antenna 
The answer is A. The beamwidth is found by placing a field 

strength meter at a convenient point in front of the antenna. The 

antenna is then rotated, first in one direction, then the other, to 

find the two points at which the signal has decreased by one half (3 

dB). The total number of degrees of rotation is the BEAMWIDTH. In 

Figure 4AI-1.4, the beamwidth is 60 degrees. 


4AI-2.1 What is a trap antenna? 

A. An antenna for rejecting interfering signals 

B. A highly sensitive antenna with maximum gain in all directions 

C. An antenna capable of being used on more than one band because 
of the presence of parallel LC networks 

D. An antenna with a large capture area 

The answer is C. A TRAP antenna is an antenna that contains 
tuned circuit "traps" that permit the antenna with its single 
transmission line to be used on more than one band. 

Figure 4AI-2.1 shows a trap dipole that can operate on the 20 
and 40 meter wavelength bands with automatic changeover from one 
to the other. In this example, the parallel LC tuned circuits, that 
are labeled Trap 1 and 2, are resonated at the 20 meter wavelength 
band. Because a parallel resonant circuit offers a high impedance, 
the traps prevent the 14 MHz currents from continuing to the far 
ends of the antenna, thus effectively reducing the total length to 
only that required for 20 meters. At the lower frequency band, the 
traps are no longer resonant and therefore, their impedance is 
negligible. As a result of this, the signals in the 7 MHz band pass 
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Fig. 4AI-2.1. Trap dipole for 20 and 40 meter bands. 


through the traps with little effect. The entire length of the antenna 
is cut to resonate at 7 MHz. 

By the insertion of traps at appropriate points, a trap dipole can 
be made to operate on several amateur bands; they need not be 
harmonically related. 


4AI-2.2 What is an advantage of using a trap antenna? 
A. It has high directivity in the high-frequency amateur bands 
B. It has high gain 
C. It minimizes harmonic radiation 
D. It may be used for multiband. operation 
The answer is D. A single antenna and single transmission line can 
operate on several bands. It makes for far less antenna space and 
cost than if several antennas had to be used. 


4AI-2.3 What is a disadvantage of using a trap antenna? 
A. It will radiate harmonics 
B. It can only be used for single band operation 
C. It is too sharply directional at the lower amateur frequencies 
D. It must be neutralized 

The answer is A. A trap antenna may radiate harmonics. An 
antenna tuner should therefore be used. Also, the trap components 
may introduce losses into the system. Low loss coils and capacitors 
should be used in the traps. 


4AI-2.4 What is the principle of a trap antenna? 

. Beamwidth may be controlled by non-linear impedances 

B. The traps form a high impedance to isolate parts of the antenna 
C. The effective radiated power can be increased if the space around 
D. 


> 


the antenna "sees" a high impedance 
The traps increase the antenna gain 
The answer is B. See answer 4AI-2.1. 


4AI-3.1 What is a parasitic element of an antenna? 

A. An element polarized 90 degrees opposite the driven element 

B. An element dependent on the antenna structure for support 

C. An element that receives its excitation from mutual coupling 
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rather than from a transmission line 
D. A transmission line that radiates radio-frequency energy 

The answer is C. A parasitic element of an antenna is an element 
that does not receive its energy directly from the transmission line. 
It receives its energy from the electromagnetic radiation of the 
driven element (the element that receives its energy directly from the 
transmission line). This electrom agnetic radiation induces an emf into 
the parasitic element. 


4AI-3.2 How does a parasitic element generate an electromagnetic 
field? | 
A. By the RF current received from a connected transmission line 
B. By interacting with the earth's magnetic field 
C. By altering the phase of the current on the driven element 
D. By currents induced into the element from a surrounding electric 
field 
The answer is D. See answer 4AI-3.1. 


4AI-3.3 How does the length of the reflector element of a parasitic 
element beam antenna compare with that of the driven element? 
A. It is about 5% longer B. It is about 5% shorter 
C. It is twice as long D. It is one-half as long 
The answer is A. 


4AI-3.4 How does the length of the director element of a parasitic 
element beam antenna compare with that of the driven element? 
A. It is about 5% longer B. It is about 5% shorter 
C. It is one-half as long D. It is twice as long 
The answer is B. 


4AI-4.1 What is meant by the term radiation resistance for an 
antenna? 
A. Losses in the antenna elements and feed line 
B. The specific impedance of the antenna 
C. An equivalent resistance that would dissipate the same amount of 
power as that radiated from an antenna 
D. The resistance in the trap coils to received signals 
The answer is C. Radiation resistance is the resistance of the 
antenna that receives the RF power to be radiated. Its value is that 
of a resistor that could take the place of the antenna and dissipate 
the same amount of power that is being radiated by the antenna. 


4AI-4.2 What is the term used for an equivalent resistance which 
would dissipate the same amount of energy as that radiated from an 
antenna? 
A. Space resistance B. Loss resistance 
C. Transmission line loss D. Radiation resistance 

The answer is D. See answer 4AI-4.1. 


4AI-4.3 Why is the value of the radiation resistance of an antenna 
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important? 

A. Knowing the radiation resistance makes it possible to match 
impedances for maximum power transfer 

B. Knowing the radiation resistance makes it possible to measure the 
near-field radiation density from a transmitting antenna 

C. The value of the radiation resistance represents the front-to-side 
ratio of the antenna 

D. The value of the radiation resistance represents the front-to-back 
ratio of the antenna 
The answer is A. In order to have a low SWR and transfer 

maximum power between the transmission line and the antenna, the 

impedance of the line must match the radiation resistance at the 

feedpoint. It is, therefore, necessary to know the value of the 

radiation resistance. 


4AI-4.4 What are the factors that determine the radiation resistance 
of an antenna? 
A. Transmission line length and height of antenna 
B. The location of the antenna with respect to nearby objects and 
the length/diameter ratio of the conductors 
C. It is a constant for all antennas since it is a physical constant 
D. Sunspot activity and the time of day 
The answer is B. The height of the antenna above ground is 
another factor. 


4AI-5.1 What is a driven element of an antenna? 
A. Always the rearmost element 
B. Always the forwardmost element 
C. The element fed by the transmission line 
D. The element connected to the rotator 
The answer is C. The driven element is the dipole or folded dipole 
element of the antenna array that is connected directly to the 
transmission line, and receives its energy from the transmission line. 


4AI-5.2 What is the usual electrical length of a driven element in a 
HF beam antenna? 
A. 1/4 wavelength B. 1/2 wavelength 
C. 3/4 wavelength D. 1 wavelength 

The answer is B. In actual practice, it is about 5% less than 1/2 
wavelength. 


4AI-5.3 What is the term for an antenna element which is supplied 
power from a transmitter through a transmission line? 
A. Driven element B. Director element 
C. Reflector element D. Parasitic element 
The answer is A. See answer 4AI-5.1. 


4AI-6.1 What is meant by the term antenna efficiency? 
A. Efficiency = (radiation resistance/transmission resistance) x 100% 
B. Efficiency = (radiation resistance/total resistance) x 100% 
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C. Efficiency = (total resistance/radiation resistance) x 100% 

D. Efficiency = (effective radiated power/transmitter output) x 100% 
The answer is B. Antenna efficiency is a measure of how well an 

antenna couples radio frequency energy from the transmission line 

into space. The effective antenna efficiency can be given by the 

following formula: 


where: Aeff is the effective antenna efficiency 


Aeff = htc Rrra eae Rrad is the radiation resistance and 
Rrad + Rohmic Rohmic is the combined resistance loss of 


the antenna system. 


The radiation resistance is the "useful" antenna resistance that 
receives power from the transmission line and radiates it. The 
"ohmic" resistance is the resistance that is due to the resistance 
losses in the antenna system. It includes the dissipated resistance of 
the antenna elements, insulator leakage, ground system losses, etc. 

We would like all the power from the transmitter to be absorbed 
by the radiation resistance and radiated. However, some of the power 
is transformed into heat losses due to the "ohmic" resistance losses 
of the system. It can be seen from the formula that the lower the 
ohmic resistance losses, the higher is the antenna efficiency, and the 
higher the ohmic resistance losses, the lower is the antenna 
efficiency. 


4AI-6.2 What is the term for the ratio of the radiation resistance of 
an antenna to the total resistance of the system? 
A. Effective radiated power B. Radiation conversion loss 
C. Antenna efficiency D. Beamwidth 
The answer is C. See answer 4AI-6.1. 


4AI-6.3 What is included in the total resistance of an antenna 
system? 
A. Radiation resistance plus space impedance 
B. Radiation resistance plus transmission resistance 
C. Transmission line resistance plus radiation resistance 
D. Radiation resistance plus ohmic resistance 
The answer is D. See answer 4AI-6.1. 


4AI-6.4 How can the antenna efficiency of a HF grounded vertical 
antenna be made comparable to that of a half-wave antenna? 
A. By installing a good ground radial system 
B. By isolating the coax shield from ground 
C. By shortening the vertical 
D. By lengthening the vertical 

The answer is A. This can be done by building a good ground 
system so as to reduce the ground resistance. The resistance in the 
antenna itself, including the resistance of the loading coil and other 
components, must be kept to as low a value as possible. It has been 
previously shown that the antenna's efficiency varies inversely with 
the total resistance of the antenna. 
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4AI-6.5 Why does a half-wave antenna operate at very high efficien— 
cy? 
. Because it is non-resonant 
B. Because the conductor resistance is low compared to the radiation 
resistance 
C. Because earth-induced currents add to its radiated power 
D. Because it has less corona from the element ends than other types 
of antennas 
The answer is B. This is because the "ohmic" resistance of the 
basic half-wave dipole is very low, and from the formula for antenna 
efficiency, it can be seen that the efficiency is high when the ohmic 
resistance is low. 
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4AI-7.1 What is a folded dipole antenna? 
A. A dipole that is one-quarter wavelength long 
B. A ground plane antenna 
C. A dipole whose ends are connected by another one-half wavelength 
piece of wire 
D. A fictional antenna used in theoretical discussions to replace the 
radiation resistance 
The answer is C. A folded dipole antenna consists of two half- 
wave dipole antennas, close to, and in parallel with, each other. See 
Figure 4AI-7.1. The ends of the two dipoles are tied together, and 
the center of one of the dipoles is opened up to receive the 
transmission line. The input impedance of the folded dipole antenna is 
300 ohms. This makes for an excellent impedance match when feeding 
the antenna with 300 ohm twin-lead transmission line. The folded 
dipole antenna itself can actually be made out of 300 ohm transmis- 
sion line by tying the ends together and opening up the center of 
one of the conductors. 


—~—__—___—— 1/2 WAVELENGTH —_—_—_—_—__——_ >} | 


SPACING 


Zz 


FEEDPOINT 
Fig. 4AI-7.1. A folded dipole antenna. 


4AI-7.2 How does the bandwidth of a folded dipole antenna compare 
with that of a simple dipole antenna? 
A. It is 0.707 times the simple dipole bandwidth 
B. It is essentially the same 
C. It is less than 50% that of a simple dipole 
D. It is greater 
The answer is D. 


4AI-7.3 What is the input terminal impedance at the center of a 
folded dipole antenna? 
A. 300 ohms B. 72 ohms C. 50 ohms D. 450 ohms 

I-7 


The answer is A. See answer 4AI-7.1. 


4AI-8.1 What is the meaning of the term velocity factor of a 
transmission line? 
A. The ratio of the characteristic impedance of the line to the 
terminating impedance 
B. The index of shielding for coaxial cable 
C. The velocity of the wave on the transmission line multiplied by 
the velocity of light in a vacuum 
D. The velocity of the wave on the transmission line divided by the 
velocity of light in a vacuum 
The answer is D. The VELOCITY FACTOR of a transmission line is 
the ratio of the velocity of a signal in the transmission line to the 
velocity of the signal in free space. The velocity of the signal in free 
space is the same as the speed of light in a vacuum. 


4AI-8.2 What is the term for the ratio of actual velocity at which a 
signal travels through a line to the speed of light in a vacuum? 
A. Velocity factor B. Characteristic impedance 
C. Surge impedance D. Standing wave ratio 

The answer is A. See answer 4AI-8.1. 


4AI-8.3 What is the velocity factor for a typical coaxial cable? 
Astz 20 B. 0.66 €o.0.30 D. 0.10 
The answer is B. 


4AI-8.4 What determines the velocity factor in a transmission line? 
A. The termination impedance 
B. The line length 
C. Dielectrics in the line 
D. The center conductor resistivity 

The answer is C. It depends upon the type of dielectric used in 
the transmission line. 


4AI-8.5 Why is the physical length of a coaxial cable transmission 

line shorter than its electrical length? 

A. Skin effect is less pronounced in the coaxial cable 

B. RF energy moves slower along the coaxial cable 

C. The surge impedance is higher in the parallel feed line 

D. The characteristic impedance is higher in the parallel feed line 
The answer is B. The physical length of a coaxial cable transmis- 

sion line is shorter than its electrical length because the signal 

travels slower in a coaxial cable than it does in free space. The 

electrical wavelength is given by the following formula: 


Velocity in free space 


Wavelength = Rene 


It can be seen that as the velocity is decreased, as it is in a 
coaxial cable, and the frequency remains the same, the actual 
(physical) length will decrease. 
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4AI-9.1 What would be the physical length of a typical coaxial 

transmission line which is electrically one-quarter wavelength long at 

14.1 MHz? 

A. 20 meters B. 3.51 meters C.2.33 meters D. 0.25 meters 
The answer is B. The physical length of a transmission line is 

found by using the following formula: 


L = 284 NV where: L is the physical line length in feet 
F N is the number of electrical wavelengths 
in the line 


V is the velocity factor 
F is the frequency in MHz 


In order to find the length, we merely insert the given values in 
the formula and solve the equation. 


Ta .984 X .25 X .66 
14.1 


4AI-9.2 What would be the physical length of a typical coaxial 

transmission line which is electrically one-quarter wavelength long at 

7.2 MHz? 

A. 10.5 meters’ B. 6.88 meters C. 24 meters D. 50 meters 
The answer is B. We use the same method as in 4AI-9.1 to solve 

this problem. 


1 = —984 X .25 X .66 
7.2 


4AI-9.3 What is the physical length of a parallel antenna feedline 

which is electrically one-half wavelength long at 14.10 MHz? (assume 

a velocity factor of 0.82.) 

A. 15 meters B. 24.3 meters C. 8.7 meters D.:70.8 meters 
The answer is C. We use the same method as in 4AI-9.1 to solve 

this problem. 


= 11.51 feet or 3.51 meters 


= 22.55 feet or 6.8/7 meters 


Pa SBA 2 ABE = 98. 61 feat ore 07 meters 


4AI-9.4 What is the physical length of a twin lead transmission 
feedline at 3.65 MHz? (assume a velocity factor of 0.80.) 
A. Electrical length times 0.8 
B. Electrical length divided by 0.8 
C. 80 meters 
D. 160 meters 

The answer is A. Since the physical length is proportional to the 
velocity factor, we must multiply the electrical length by the velocity 
factor to arrive at the physical length. See answer 4AI-8.5. 


4AI-10.1 In a half-wave antenna, where are the current nodes? 
A. At the ends 
B. At the feed points 
C. Three-quarters of the way from the feed point toward the end 
D. One-half of the way from the feed point toward the end 
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The answer is A. Current nodes are points of minimum current. 
They exist at the ends of the antenna. See Figure 4AI-10.1 for a 
graph of current and voltage nodes and antinodes. Antinodes are 


maximum points. 
Som 


antinodes 


Fig. 4AI-10.1. Half-wave dipole current and voltage distribution. 


4AI-10.2 In a half-wave antenna, where are the voltage nodes? 
A. At the ends 
B. At the feed point 
C. Three-quarters of the way from the feed point toward the end 
D. One-half of the way from the feed point toward the end 
The answer is B. See Figure 4AI-10.1. 


4AI-10.3 At the ends of a half-wave antenna, what values of current 
and voltage exist compared to the remainder of the antenna? 
A. Equal voltage and current 
B. Minimum voltage and maximum current 
C. Maximum voltage and minimum current 
D. Minimum voltage and minimum current 
The answer is C. See Figure 4AI-10.1. 


4AI-10.4 At the center of a half-wave antenna, what values of 
voltage and current exist compared to the remainder of the antenna? 
A. Equal voltage and current 
B. Maximum voltage and minimum current 
C. Minimum voltage and minimum current 
D. Minimum voltage and maximum current 

The answer is D. See Figure 4AI-10.1. 


4AI-11.1 Why is the inductance required for a base loaded HF mobile 
antenna less than that for an inductance placed further up the whip? 
A. The capacitance to ground is less farther away from the base 
B. The capacitance to ground is greater farther away from the base 
C. The current is greater at the top 
D. The voltage is less at the top 

The answer is A. As we move the inductor further up the whip, 
the remaining antenna length above the coil is shortened. This results 
in less capacity of the whip above the coil to the car body. From the 
formula for capacitive reactance, we can see that less capacity means 
more capacitive reactance. Since the inductive reactance is equal to 
the capacitive reactance at resonance, we need more inductive 
reactance to make up for the increased capacitive reactance. In order 
to get more inductive reactance, we need more inductance (XL=2n fL). 
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Thus, we see that more inductance is needed as we move the inductor 
up on the whip, and vice versa. 


4AI-11.2 What happens to the base feed point of a fixed length HF 

mobile antenna as the frequency of operation is lowered? 

A. The resistance decreases and the capacitive reactance decreases 

B. The resistance decreases and the capacitive reactance increases 

C. The resistance increases and the capacitive reactance decreases 

D. The resistance increases and the capacitive reactance increases 
The answer is B. 


4AI-11.3 Why should an HF mobile antenna loading coil have a high 
ratio of reactance to resistance? 
A. To swamp out harmonics B. To maximize losses 
C. To minimize losses D. To minimize the Q 

The answer is C. It is important for the loading coils to have the 
highest possible Q in order to obtain the highest efficiency in the 
antenna system. A high ratio of a coil's reactance to resistance is 
equivalent to a high Q. 


4AI-11.4 Why is a loading coil often used with an HF mobile antenna? 
A. To improve reception 
B. To lower the losses 
C. To lower the Q 
D. To tune out the capacitive reactance 

The answer is D. An antenna whose length makes it resonant for 
a high frequency band would be too long for mobile use. If we 
shorten the antenna, it will present a capacitive load to the 
transmitter. If we then "load" the antenna with a "loading coil" of 
the right value, we will resonate the antenna for the band that we 
wish to operate on. In other words, we add inductive reactance to 
the antenna circuit which is equal to the capacitive reactance, and 
the antenna becomes resonant. 


4AI-12.1 For a shortened vertical antenna, where should a loading 
coil be placed to minimize losses and produce the most effective 
performance? 

A. Near the center of the vertical radiator 

B. As low as possible on the vertical radiator 

C. As close to the transmitter as possible 

D. At a voltage node 

The answer is A. From the strict point of view of minimizing 
losses and operating efficiently, the loading coil should be placed as 
high up on the antenna as possible. The higher the loading coil, the 
further away it is from nearby objects. This will reduce the loading 
coil losses. 

As we raise the position of the loading coil, the radiation 
resistance increases. This increases the antenna efficiency and 
therefore, increases the radiation from the antenna. However, from a 
practical point of view, it may be too top heavy to place the loading 
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coil at the very top, so we can compromise by putting it near the 
center. 


4AI-12.2 What happens to the bandwidth of an antenna as it is 
shortened through the use of loading coils? 
A. It is increased B. It is decreased 
C. No change occurs D. It becomes flat 
The answer is B. 


4AI-12.3 Why are self-resonant antennas popular in amateur stations? 
. They are very broad banded | 
. They have high gain in all azimuthal directions 
. They are the most efficient radiators 
. They require no calculations 
The answer is C. 
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4AI-12.4 What is an advantage of using top loading in a shortened HF 

vertical antenna? 

A. Lower Q B. Greater structural strength 

C. Higher losses D. Improved radiation efficiency 
The answer is D. See answer 4AI-12.1. However, in practical 

applications, top loading is usually mechanically unsound and the 

trade-offs between base loading and center loading are compensatory. 

Base loading usually prevails, simply because it is easier to accomplish 

mechanically. 


APPENDIX 1 
TABLE OF EMISSIONS 


Since 1979, the electronics industry has been using the WARC emission 
symbols. In this system, the old 2-character symbols have been replaced with 
3-character symbols. The 3-character symbols give more specific information 
concerning the emissions that they represent. See Appendix 4 on page AP-4. 

FIRST CHARACTER 


N Emission of an unmodulated carrier H Single sideband full carrier 

A AM double-sideband R Single sideband reduced carrier 
J Single sideband, suppressed carrier K Sequence of pulses, amplitude 

F Frequency modulation modulated 

G Phase modulation L Sequence of pulses, modulated 
P Sequence of unmodulated pulses in width/duration 

C Vestigial sidebands M Sequence of pulses, modulated 


in position/phase 
SECOND CHARACTER 


0 No modulating symbol 7 2ormore channels with digital info 

1 Digital information-no modulation 8 2ormorechannels with analog info 

2 Digital information with modulation 9 combination analog and digital info 

3 Modulated with analog information X cases not otherwise covered 

THIRD CHARACTER 

N_ No information transmitted E Telephony 

A Telegraphy for aural reception F Television 

B Telegraphy for automatic W Combination of the above 
reception X Cases not otherwise covered 

C Facsimile 

D Data transmission, telemetry, telecommand 


Traditional Symbol New Symbol 
AMPLITUDE MODULATED 


Unmodulated AO NON 
Keyed on/off Al A1A 
Tones keyed on/off A2 A2A 
AM data A2D 
Keyed tones w/SSB A2J J2A 
SSB data J2D 
AM voice A3 A3SE 
Voice w/SSB A3J J3E 
AM facsimile A4 &A3SC"’ 
SSB television A5 C3F 
AM television A5 A3F 
FREQUENCY MODULATED 

Unmodulated FO NON 
Switched between 

two frequencies F1 F1B 
Switched tones F2 F2A 
FM data F2D 
FM voice F3 FSE 
FM facsimile F4 {F3G).4 
FM television F5 FSF 
PULSE MODULATED 

Phase P P1B 
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APPENDIX 2 
FCC EMISSION DEFINITIONS 


The emission designators, given in Appendix 3, were considered, by the 
FCC, to be too complex. In the reorganization of the Part 97 Rules and 
Regulations, effective September 1, 1989, the emission designators were 
grouped into a simple system based on nine terms that are already familiar to 
amateur operators. This makes it possible for amateur operators to understand 
immediately their authorized emissions. These nine terms are defined below. 


(1) CW. International Morse code telegraphy emissions having designators with 
A, C, H, J or R as the first symbol; 1 as the second symbol; A or B as the third 
symbol; and emissions J2A and J2B. 

(2) DATA. Telemetry, telecommand and computer communications emissions 
having designators with A, C, D, F, G, H or R as the first symbol; 1 as the 
second symbol; D as the third symbol; and emission J2D. Only a digital code 
of a type specifically authorized in this part may be transmitted. 

(3) IMAGE Facsimile and television emissions having designators with A, C, D, 
F, G, H, J or R as the first symbol; 1, 2 or 3 as the second symbol; C or F as 
the third symbol; and emissions having B as the first symbol; 7, 8 or 9 as the 
second symbol; W as the third symbol. 

(4) MCW. Tone modulated international Morse code telegraphy emissions having 
designators with A, C, D, F, G, H or R as the first symbol; 2 as the second 
symbol; A or B as the third symbol. 

(5) PHONE. Speech and other sound emissions having designators with A, C, 
D, F, G, H, J or R as the first symbol; 1, 2 or 3 as the second symbol; E as the 
third symbol. Also speech emissions having B as the first symbol; 7, 8 or 9 as 
the second symbol; E as the third symbol. MCW for the purpose of performing 
the station identification procedure, or for providing telegraphy practice 
interspersed with speech. Incidental tones for the purpose of selective calling 
or alerting or to control the level of a demodulated signal may also be 
considered phone. 

(6) PULSE. Emissions having designators with K, L, M, P, Q, V or W as the first 
symbol; 0, 1, 2, 3, 7, 8, 9 or X as the second symbol; A, B, C, D, E, F, N, W or 
X as the third symbol. 

(7) RTTY. Narrow-band direct-printing telegraphy emissions having designators 
with A, C, D, F, G, H, J or R as the first symbol; 1 as the second symbol; B as 
the third symbol; and emission J2B. Only a digital code of a type specifically 
authorized in this Part may be transmitted. 

(8) SS. Spread-spectrum emissions using bandwidth-expansion modulation 
emissions having designators with A, C, D, F, G, H, J or R as the first symbol; 
X as the second symbol; X as the third symbol. Only a SS emission of a type 
specifically authorized in this Part may be transmitted. 

(9) TEST. Emissions containing no information having the designators with N as 
the third symbol. "Test" does not include pulse emissions with no information or 
modulation unless pulse emissions are also authorized in the frequency band. 
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OTHER BOOKS AND COURSES PUBLISHED BY 
AMECO CORPORATION 


RADIO AMATEUR FCC TEST MANUALS. Contains all the latest, official FCC/VEC test questions 
and multiple choice answers, plus answers and easy-to-understand discussions to each question. 
Excellent preparation for all amateur exams. 


Cat. #27-01 —;: NOVICE CLASS HIC@ENSC.... oo. cccccececcsve ests snsetece sees .oe+s vie eaun eaten $5.95 
Cat. #28-01- — TECHNICIAN CLASS licenSe........0...6cc.ccctecsc. 010%. sc00tsssn0ut eel $5.95 
Cat. #78-01 — CODELESS TECHNICIAN CLASS license ..............:.2..2e ee $9.95 
Cat. #12-01 — GENERAL CLASS liC@ENS@ .oo0..5 62.5 ccc ccrececcesces-s-0+csee astute eseenn iat $5.95 
Cat. #26-01. — ADVANCED CLASS lICENSCin.. 5 cc cieidicccncaccecs,-terensvss de sees cena tenn $5.95 
Cat. #17-01 EXTRA GLASS liC@ENS6 ...ccc.cifciec se cag uneress she cetess sc ee yee er $5.95 


AMATEUR RADIO NOVICE CLASS EXAM. Contains a complete 30 question sealed Novice exam 
with instructions, sealed answers, and Form 610 for the volunteer examiners. Includes complete 
instructions for the applicant. Cat #EN=-1 c......0..4.ccc.tesuesesccncaecresesecneess eee sedsnerte/sneee eee $1.95 


AMATEUR RADIO THEORY COURSE. Complete, simplified course covering the requirements for 
Novice, Technician, and General Classes of licenses. Contains 15 lessons, 3 study guides and over 
400 FCC-type multiple choice questions. No technical background required. 330 pages. 

Catt #102-O1- 05 ccf ccasvocks cocies dotcebanntinwdizes case siebcvmnscnedeesa vadce sane Reet hn et os tutte tc $7.95 


AMATEUR RADIO NOVICE CLASS THEORY COURSE. Same as above, except that it contains 
only the information for the Novice Class license. Over 200 FCC-type multiple choice questions. 
128 pages. Catt 2SOd oo iwessnccee.ccoshiynh hes eke sae chee eer ape eee ee , sco $6.95 


COMMERCIAL RADIO OPERATOR’S QUESTION AND ANSWER LICENSE GUIDE for the General 
Radiotelephone License. Contains questions, answers and sample FCC-type examination. 160 pages. 
Cat FO-OF io carrd.titsg. coscvtevenacassendbuvscbmnashavden dee aan basa sect teva Morse Geeeee Uitte tet eta $5.95 


MARINE RADIO OPERATOR LICENSE GUIDE. Contains FCC questions for new Marine Radio 
Operator Permit. Also includes FCC-type exams and basic electronic theory. 64 pages. 
Cat HB-OVs ccc. oes hoe liiciisas dp otuneyae bo vsanuada cue Secins buat the magedtia ee: Dake ene errr $3.95 


DIGITAL COMPUTERS MADE SIMPLE. A basic book, written for the layman with little technical 
background. Starts with simple number systems and covers all phases of digital computers. 
128 pages. Cat #:1'8-01 ooiftnccnstctaicasateescodenssnsconl Lcadcessnasnoncctcetacssa temeuen ds dso ees $2.50 


NOVICE CODE COURSE. Prepares for Novice and Technician exams. Contains 10 lessons, code 
speed from start to 8 WPM. Course includes typical FCC-type code exams, instruction book on how 
to receive code the simplest, fastest way, with charts to check receiving accuracy, etc. 

Gats# 100-3310) ERes3 RPM eee $3.95 Cat. #100-T (1 cassette tape)..................... $5.95=3 


SENIOR CODE COURSE. Contains everything given in Novice Code Course, plus 12 additional 
lessons to bring speed up to 18 WPM. Prepares for General license with extra WPM to spare. 
Cati #101-36-(2. LP sao 3: RPM) seat $7.50 Cat. #101-T (2 cassette tapes) aaa $10.95 


ADVANCED CODE COURSE. Prepares for the General Class license. Contains the last 12 lessons 
of the Senior Course, plus FCC-type code exams. 8-1/2 to 18 WPM. 
Cats# 103-33. EPS REM) ere ee eee $3.95 Cat. #103-T (1 cassette tape) <i ames $5.95 


EXTRA CLASS CODE COURSE. Increases code speed from 13 to 22 WPM. Includes sample FCC- 
type code examination for Extra Class license. 
Cat s#104-33 (ee oo REM eee ener $3.95 Cat. #104-T (1 cassette tape) .: eee $5.95 


GENERAL CLASS SUPPLEMENTARY CODE COURSE. Concentrated code practice between 12 
and 15 WPM. Provides additional code practice material for the General Class code examination. 

Cat. #105-33 (1. LP3 33: RPM) vcctesclresscserpeteneescmcceduvsu so -mentccas Beene he ee sees teeta ee $3.95 
Cat. #105-QT. QSO material similar to FOC code tests. (1 cassette tape).............54e. eeeeeeseeeeee es $5.95 


EXTRA CLASS SUPPLEMENTARY CODE COURSE. Concentrated code practice between 19 and 
22 WPM. Provides additional code practice material for the Extra Class code examination. 

Cat. #106-33:(1_ EP; 33: RRM) ists ore oncuites ne ctecottereths akc Mace tad fuisu ey ce ate sy en tee aerate ne $3.95 
Cat. #106-QT. QSO material similar to FCC code tests. (1 cassette tape)..................-.seeseeeeereeeens $5.95 


“COMMUNICATE WITH THE WORLD THROUGH HAM RADIO”. Combination package consists of 
the Novice Code Course (Cat. #100-T) and the Amateur Radio Novice Class Theory Course 
(Cat. #23-01). Complete package for the prospective Novice. 

Cat. #NP-1 (Includes $50 worth of Free Gift Certificates) .......2....01..c:tessescassseaseetss: 2 nee $10.95 
AMECO’S COMPLETE MORSE CODE COURSE FOR THE PC. The most versatile program 
designed for the IBM PC/XT/AT or compatible. User friendly, with over 18 menu options. Random 
characters, random QSO's, send external files, quiz sessions, all at any speed and tone. Includes 
Code learning book. Plus many, many more features. Cat. #107-PC (specify 5-1/4” or 3-1/2”)...$19.95 


